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TllH KTIOLOtiV AXn I'ATHOOKNKSIS OP FUNXKL CIIPST, PIUKON 
BKKAST, AND 1{K1,ATKD UICPOKMITIKS OF THE 
AXTElilOR CITEST WAI.E 

ClIAItl.KS W. LK-STKR, M.E. 

Nkw Yokk. X. Y. 

D EFOR.MITIES o£ the imtcrior tlicsl will o£ congcnilal or devclopim'iitnl 
origin have been diseiiKsed in the litcralnro for more than 350 years. 
Nearly all of the artielc.s have dealt with depression deformities, the protrusion 
deformities having been largely ignored; and, until recent years, the material 
has been limited to very few eases. Earger series of cases now being reported 
continue to be eonceriicd with the depression deformities and little or no 
attempt has been made to classify these. A study of the anterior chest wall 
deformities of congenital or developmental origin indicates that, from the 
point of view of etiology and pathogenesis, the. depression deformities and the 
protrusion deformities have much in common and it is with this phase of the 
subject that this paper deals.' The material upon which this is based consists 
of personal e-spericnec with Kit operations in 150 eases (122 dc)iression derornii- 
ties and 28 protnision deformities); a considerable number of cases which, 
for various reasons, did not come to operation; and G autopsies seen at Bellevue 
Hospital through the courtesy of the Department of Pathology. 

These deformities fall into three groups, two of which seem to be exact 
opposites and the third to be a heterogeneous group of cases which have 
eharactensties of both. In the first group are the depression deformities or 
funnel chests (pectus excavatuni). In the second grou]) are the protrusion 
deformities wherein are the irigeon breasts (pectus carinatum) and various 
other deformities characterized by protrusion. The third group consists of 
cases which have physical characteristics of both. 
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A chniiirtciistir of ftimu l clu‘sl in ati iiiliiiit .. is irUncliou of tin- 

xiiilioiil lUiniii; ins)iinitioii. This pnfinlnxii- niotinii is aluMisl ncvi-r ji.ssociati-d 
with (lysimoii. Wlii-it ilys|incn is pn-sciil. tin- nihi i- l•halal■t(■l■is1i^•s of fumi(-l 
i-lu'.'-t ills- usually ahsi-iit In-i-ausc tin- rclfuftioii of llo- \i)ihoi(l is the- result of 
the ilyspiu-a niul itot the eause of ;t. 

Ill the iirotrusioii type of <h torinily. the proieusioii may le- in the midliue 
aiid involve the sternutu or it tuay In- lateral to the sternum and eorres])oinl 
to the eostiiehondral junetioiis, oi in the eostal areh. In the midline deforini- 
tirs the Mernum nniy areh forwani produeinc the shape of a pipeon lireasi 
ill!;.‘J); or it niay protrude in .m ohliipn- fashion with tin- viidioid the most 
I'rmainetil part (Kit;. :!|. When the protrusion is lateral to t m- sternum it in¬ 
volves the eostoehomlral ril> juuetions or the eostal areh. whirli then Haves 
(I’ii:. 41. The flarini; eostal arcli not in’or.ssnrily appear mi tin* sanio suit* 



Aiouat«* lyp«* of plKron broa**! In r,.y»«ar-nli1 ;;|rL 

‘IS the lateral dcformily ami may be on both sides. A flavinf; eostal areh with 
'he areiiate prolru.sion deformity .shiinlate.s fitnm-l eliest (l-’ig. o). However, 
'here is adequate distauei- helweeii xiphoid and vertebrae. The iirotrus-ion 
deformities may be present at birth but usually do not appear until the ehild 
hits had a ehanee to grow, often not until adote.scenee. The deformity then 
■''renis to progre.ss with growth. 

Between the depression deformities and the protrusion det'ormitics there 
•s an indefinite group which seems to eombiue ehavaeteristics of both. The 
lower end of the sternum may be rctrneted while the upper portion may ))ro- 
ti-iidc. There may he an asymmetrical funnel chest with the more prominent 
side protruding like a lateral i>rotrii.sioii dcforiiiit.v. Oceiisioiially a jirotrusioii 
>11 early childhood or infancy may end ui> as a fnuiiel chest after puherty. The 
Uronp is, therefore, a lietorogeiicous mixture but the dominant features of 
each ease tend to jilace it in one of the two main grovqis. 
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Kisr. S.—Obliciuo type of piffoon breast in a man 58 years of ago. His twin sister lias a .siiniiar 

cletorniity anrl iier .son has a funnel chest. 






V..h.me5l DKFOIIMITIKS t)l' AXTKIMOIJ CIlHsT WAI.l, r. 

N'lnil^f > ^ 

llerctlity is mciitiouoi.1 iis im otiologifal fiietoi' in funnel chest by nearly 
every writer on tbo subject. This fiiclor is iilso noted in sonic of the few 
articles on prolntsion deformities. Little has been said, however, of the rather 
striking fact that both types of deformity can appear in the same family. In 
the series on which this paper is based, there are nnmerons instances where one 
sibling has a funnel chest and another a jiigeon breast; or where a parent, an 
uncle, or an aunt has a in'geon breast and the patient a funnel chest or vice 
versa. Tilney= tells of a imir of dissimilar twins, one with a funnel chc.st and 
the other with a pigeon breast. The hereditary factor, therefore, seems to 
apply to anterior chest wall deftirniities in general and not spccifioally to 
funnel chest or pigeon breast. 



Fie. 5,—Arcuate ptROon liroast tipformity %vith flare of t?ie eostiil firch previously reportodi as 

funnel chest. 

The auiUoniy of the thorax and its fuiielion as a tjollows need not he dis- 
cussed here e.xcept for two features. The first is the substcrnal ligament whieli 
was described b}’ Hrown’ as an extcn.sion of tlie linca alba and the posterior 
rectus sheath up onto the iiosterior periosteum of tlie sternum with which it is 
intimately fused. Its dynamics arc entirely those of the attached muscles. 

The second is the diaphragm witli its central tendon which is domed 
when relaxed at tlie end of expiration and flattened at the end of inspiration. 
It is an integral part of the chest bellows mechanism and essential in the pro¬ 
duction of an effective cough. 
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lu a previous paper,* it was poiutecl out that the miclliiie lirotimion ik- 
formities are caused by propovtiouate overgrowth of paired ribs. If the over¬ 
growth takes place in the upper ribs they will push the sternum forward as an 
arch (Pig. 6) and, in so doing, these ribs wll buckle at their weakest points, 
usually the costochondral junctions, and the costal cartilages rvill slant for¬ 
ward to the elevated sternum. The formation of the arch is aided by the 
diaphragm, which holds the xiphoid in place. If the ribs attached to the lower 
part of the sternum overgrow, the sternum is protruded in an oblique fashion 
(Fig. 7). If the diaphragm does not enlarge proportionately rvith the ribs, the 
protrusion is made at the expense of the dome of the diaphragm. 



yij;-, s.—^jVrcuate type of protrusion ileformity produced by proportionate oveiRroutii 
of second, third, and fourtli pains of ribs. 

Fig, 7 .—Oblique type of protrusion deformity produced by pioportionate overffroutii 
of pairs of ribs attaclied to lou’er portion of sternum. 


If the ribs above the level of the xiphoid are disproportionately longer on 
one side only, the ribs will again buckle at the costochondral junctions, but in 
this ease the costochondral junctions will form a protruding ridge lateral to the 
sternum and their costal cartilages null slant backward to the sternum (Fig. 
8). 'NYhen overgrowtli occurs in the ribs below the level of the xiphoid, the 
costal arch will flare, the diaphragm acting in the same majmer on the costal 
arch that the sternum does on the upper ribs iu the arcuate form of sternal 
protrusion. 

Thus, tlic diaphragm seems to play a role of varying importance in the 
formation of these deformities. Observations made in the autopsy room tend 
to support this theory. In the depression, or funnel chest deformities, the 
diaphragm plays a much more important I'ole. 


W'lulllf *4 
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Ftmiicl olii'.st (IcfoniiiJicK li.-ivi- ii miicli <‘XtonKivc litoniture than the 
rrolrvision tloioi'iuitics iiiul this tlutos Itack to IGOO Batihiiitis’’ described 

such n ease. Ochsner and DcBakoy,'- in an article imhlislied in 1939, list 142 
references and sinee that time many other articles have ai)i)carcd. Jfany of 
the authors speculate on the cansc.s of the deformity lint only throe of these 
need he given serious eon.sideration. The.se arc; (1) the pull of a diaphragm 
with a short central tendon; (2 abnormal growth of the rih.s; and (3) obstruc¬ 
tion in the rcsiiir.atory tract almxc the carina. 

Bauhinns-' helieved from Ins observation that a muscnlar ptdl was respon¬ 
sible for the deformity, and tin only mnseic that can thus retract the sternum 
is the diaphragm. Woillcz.'' in IKfiO. also believed tliat the diaiihragm was 
re.sponsihle and predicated that a condition similar to lluintytron's contracture 
of the palmar fascia existed in the central tendon. Brown.^ in 1939. believed 
that a short central tendon of the diaphragm was responsililc and. on this basis, 
e.stablishcd the princiiile of the suecessful surgieal treatment of the condition. 



Fia. S.—nrotriislon aefunnlty liiterul to slerniini croilucod by ovorKi owlh of ribs_ 2, 3. 
ona 4 on tlie rislit; un*i flurti of rlRht eosOil nreli proiluceU by ovorRrowtb of rib.s t nntl 
8 on riRlit. 

Overgrowth of the ribs was mentioned by h'luseh,'' in 1873. as the cause 
of funnel chest, an idea which he ascribed to von Sehiffer. .More recently, 
llausinann'' also believes that this is the cause. 

Obstruction in the resiiirtitory tract was thought by Christian,"' and some 
of the preceding editors of O.sler's textbook, to be a fiictor in the production of 
funnel chest because, when this is present, the resulting dyspnea causes a 
marked retraction of the stei-num which has the typical appearance of funnel 
chest. This will be considered later. 

In the group of cases under eon.sideration, observation indicates decidedly 
that a short central tendon of the diaphragm is the ma,tor factor in causing 
funnel chest. The salient features in sup]>ort of this follow. 
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f„, paper,* it was pointed out that the midline piofnision do 

unties are caused by proportionate overgroirth of paired ribs. If the orer- 

areh naif 61 ® f ■“ ''PP"'- f”* 'hej' "-HI P«ah the sternum forward as an 

usually the costochondral junctions, and the costal cartilages irill slant fon 
t ard to the elevated sternum. The fonnation of the arch is aided by the 
laphingm which holds the xiphoid in place. If the ribs attached to the lower 
of the sternum overgrow, the sternum is protruded in an oblique fashion 
(i^ig. I). If the diaphragm does not enlarge proportionately •\\dth the ribs, the 
protrusion is made at the expense of the dome of the diaphragm. 





Fig, 6. Fig 7. 


Fig. 6.—Arcuate type of protrusion deformity produced by proportionate o\ ergrott tli 
of .second, third, and fourth pairs of ribs. 

Fig. 7.—Oblique type of protrusion deformity produced by proportionate overgrowth 
of pairs of ribs attached to lower portion of sternum. 


If the ribs above the level of the xiphoid are disproportionately longer on 
one side only, the ribs vail again bnekle at the costochondral junctions, but in 
this ease the costochondral junctions will form a protruding ridge lateral to the 
sternum and their costal cartilages null slant backward to the sternum (Fig. 
8). When overgrowth occurs in the ribs below the level of the xiphoid, the 
costal arch will flare, the diaphragm acting in the same manner on the costal 
arch that the sternum does on the upper ribs in the arcuate form of sternal 
protrusion. 

Thus, the diaphragm seems to play a role of varying importance in the 
formation of these deformities. Ohseiwations made in the autopsy Toom tend 
to support this theor 5 ^ In the depression, or funnel chest deformities, the 
diaphragm plays a much more important role. 
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Funnel chest ilefuriiiities have a much nioi-c extensive liteiaturc than the 
protnisicm deformities and this dales hack to IGOO wlicn Bnuliinus'' described 
sneli a ease. Oeh.sner and DoBakey,'' in an article juiblished in .1939, list 142 
references and since that time many other articles have appeared. Jlany of 
the axithors speculate on the causes of the deformity but only three of these 
need be given serious consideration. These are: (I) the pull of a diaphragm 
with a short central tendon; (2) abnormal growth of the ribs; and (3) obstruc¬ 
tion in the respiratory tract above the cai-ina. 

Bauhinus^ believed from his observation that a muscular pull was respon- 
■sible for the deformity, and the only muscle that can thus retract the sternum 
is the diaphragm. IVoillez.' in 18G0, also believed that the diaidiragm was 
responsihle and predicated tliat a condition similar to Bupuytron’s contracture 
of the palmar fascia exi.sted in the central tendon. Brown.' in 1939, believed 
that a short central tendon of the diai)hragm was respon.sihle and, on this basis, 
e.stabli.shed the jn-inciple of the sueee.ssful surgical treatment of the condition. 



FJe. 8.—Protrusion deformity latcrnl to f.tcrnum produced by overgrowth of ribs 2, 3. 
and 4 on the rlgljt; and flare of light costal arch jiroduccvl by overgrowth of ribs 7 and 
8 on right. 

Overgrowth of the ribs was mentioned by Flesoh,’' in 1873, as the cause 
of funnel chest, an- idea which he ascribed to von Bchiffer. llore recently, 
Ilausmann" also believes that this is the cause. 

Obstruction in the respiratory tract was thought hy Uhristian,'" and some 
of the preceding editors of Osier’s textbook, to be a factor in the pi’oduction of 
funnel chest because, when this is ])rcsent, the re.sulting dysjxnea causes a 
marked retraction of the sternum which has the typical appearance of funnel 
chest. This will be considered later. 

In the group of oases under consideration, observation indicates decidedly 
that a short central tendon of the diaphragm is the major factor in causing 
fimnel chest. The salient features in support of this follow. 
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< 1 ,. children with funnel chest measurement ol' 

SL3rv°" ^ ®«“su..em»nt in tto 

^ ‘’'0 «» move forward as much or more 

u ng inspiration. As children grow older the chest wall tends to lose some 
oi Its great resiheney and the retraction of the xiphoid decreases until, in 
aciuits, the xiphoid hecomes fixed in a backward position while the forward 
mspiratovy movement in the midclavicular line continues. 


Second; When the patient is relaxed during sleep, the breathing is often 
noisy and the retraction greater. With greater relaxation under anesthesia, 
the retraction is exaggerated and the breathing may become quite labored. 
1 he use of an endotracheal tube eliminates the possibility of any obstruction 
above the earina. During the operation, the breathing difficulty increases a,s 
the co.stal cartilages are resected, often to such an extent that an assistant 
must exert traction on tlic xiphoid to restrain the paradoxic motion until the 
xiphoid j.s detached and the suhstcvnal ligament divided. When the diaphragm 
is thus released, mpiralion becomes so much easier and quieter that the 
aiiestholist may become alarmed, fearing that it has ceased. 

Third; Until a few years ago some depressions that were well corrected 
when the patient wa.s disehai-god from the hospital tended to recur to a cer¬ 
tain extent, ospccially after .simple stcrnoplasty, and in a few instance.s ro- 
operaiion was necessary. On the supposition that the regenerated seventh 
costal cartilage again allowed the diajihragm to exert its pull, the bods of the 
.sixth and seventh earlilagcs and the intervening intercostal bundles were 
completely detached from the .slei-num along with the xiphoid. Since adopting 
this procedure, the correciions have been nnteli bettor and the need for re- 


operation has not arisen. 

Fourth; Examination at autopsy of 0 eases of funnel chest, one in a man 
02 years of age, one in a ummari somewhat younger, and the other in an 
infant of 2 years, shoived that the central tendon of the diaphragm was 
actually much shortened. Jn the child, it measured 3 cm. and in the man of 
62, only 1.5 cm. In each instance, the diaphragm presented a low dome for 
each leaf separated by the central tendon, instead of a much higlior single 
dome as in the entire norma! diaphragm, and strikingly demonstrates how 
seriously diaphragmatic re.spii'ation is compromised. 

From the above, it is evident that the diapliragm is an essential factor in 
the production of fxmnel chest deformities, but, that overgrowth of tlie ribs 
may be a factor can also he dojrionstrnied. It has .just been mentioned 
ilml (lie dcrormily in some cases of funnel chest was ntecnl or ol minor oxlcnt 
ill early oliildliood Inil develolictl as the child grew, particiilarly itai-mg the 
rapid growth of piilicrty, II is possible to explain this by the fnelor ol rib 

*™'ln these eases during infanoy it ean bo assumed llmt the central london 
of the diaphragm is moderately short or lacks the ability to grow. As t c 
riis lengthen the central tendon does not keep pace with them and the 
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diaplinigm exerts an inercasiiig pull on the lower end of the sternum, even¬ 
tually producing a funnel chest witli the same symptoms that obtain when 
the deformity is present at birth. Anatomically, the che.st is not as much 
llattcnod nor is the eaudad .slant of the ribs as great as in the early eases. 

Unetptal growth of the ribs, as in the lateral protrusion deformities, can 
explain the as.vmmetrieal funnel ehe.st deformities, A shoi t central tendon is 
l)resent as in the s.vmmetrieal deformities but the ribs grow more on one side 
than on the other and the depre.ssion heeomes deeper on the side where the 
ribs are shorter. As in the ease of the protnision deformities, the asymmetr.v 
is ab.sent or minimal during infancy and increases with growth. 

In the indefinite group of anterior che.st wall deformities, the same factors 
(ditain. A central tendon onl.v slightly shortened in the piesenee of rib ovei'- 
growth can give the apiiearanee of a funnel chest although the xiphoid does 
not have a ])aradoxie motion. Carrying this a step farther, there may be an 
arcuate t.vjie of pigeon breast with a definitel.v shortened central tendon and 
l)aradoxie respiration. Two such eases in this seiies had the symptoms of 
funnel chest but the arcuate protinsion of the sternum caused the short 
central tendon to pull the sixth costal cartilages behind the fifth so that, at 
operation, the fifth costal cartilage on each .side had to be re.sectcd before the 
sixth could be approached. 

A third ea.se was e.s.sentiall.v one of prolru.sion doformilj' with bilateral 
flares in the costal arch and an arcuate type of pigeon breast together with a 
bad round back po.sture. Itelease of the diaidiragm with correction of the 
flares and elevation of the lower end of the .sternum allowed the child to main¬ 
tain an erect posture which was not possible before ojicration. 

Another case was followed for five years ns a protrusion doformit.v but, 
with the aeeeloratcd growth of puberty, respiratory difficulty and docrea.sed 
exereise toleranec appeared and it was then noticed that the diaphragm was 
moving in a paradoxic manner. The radical o])eration for funnel che.st relieved 
the .symptoms. 

Thus, it can bo seen that the eases in this heterogeneous group i)rcsent 
some clinical characteristics of both protrusion deformities and dejiression 
deformities. The symptoms, however, arc i)roduced by the dominant factor. 

Pseudo-funnel che.st is a name which can be giveir to another group of 
eases often eoufused with funnel chest but aetuall.v entirely different. 
The condition is noted at birth or .shortly thereafter and is eharnctoi'ized b.v 
dy.spnea and marked parado.xie motion of the xiphoid. The dyspnea may be 
the re.sult of pneumonitis from the a.spii-ation of amniotie fluid, a congenital 
heart lesion, obstruction in the respiratory tract or .any other condition which 
can cause dyspnea in a newborn baby. Forced inspiration with a quick build¬ 
up of negative pressure produces the ijaradoxic motion and not a short central 
tendon of the diaphragm. The treatment is the treatment of the cause of the 
d.v.spnca, but traction on the xiphoid to resti'ict nr prevent the paradoxic 
motion may bring dramatic relief. 
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SUjSIMARY axd conclusions 

Study of a considerable number of cases indicates that anterior eliest wall 
deformities characterized by depression and those characterized bv protrusion 
can be classified together. 

Heredity is a most important etiological factor and either type of deformity 
can be inherited from the same ancestor. 

Size and shape of the diaphragm and disproportionate growth of tlie rilis 
are the iirincipal factors in the pathogenesis of these deformities. 

If a short central tendon of the diaphragm is the dominant factor, funnel 
chest develops. If disproportionate overgrowth of the ribs is the dominant 
factor, one of the types of protrusion deformity will result. AVhen both factors 
are present in the same individual the dominant deformity will be modified. 

Pseudo-funnel chest is an inspiratory retraction of the anterior chest wall 
in an infant shortly after liirth which is due to some pathologic condition in the 
cardiorespiratory system and not to the factors of true anterior chest wall de¬ 
formities. 
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'nil': iNi'’LrKX('H ok intka-and kxthathokacic 

OKEKATIONS ON THR KLKC’THOKAKDinOHA.M IN PATIENTS 
WITH PtUAIONAKY Tri’.KKCKEOSIS 

('. I). L\IiOS, jM.D.. AND |j. 15. VAX IlRIt Sl.IKKK, 5I.I). 

A I A. 11 ot.i.A XI) 

T he pfToot of till' viiHou.s active- iiicthoil.s of trciitniciil of i)ulmnnar.v 
tuberculosis on the clcctroc:ir<Iio<rrain lias been studied by inanj’ iuvc.sti- 
•rntors, and tlii* olectrocardioi'raiibic cbaiifrc.s caused by pneumothorax treat¬ 
ment. ])lircnic exairosis and. in later ycai-s. by thoracoplasty and pulmonary 
resection, have licon dc.scribed cxtcn.sivcly. 

Wcin.sbcll anil a.ssociates'- examined 4.') patients and tlioy arrived at the 
eonelu.sion that practically all l•leetroeardiof^ral)bie alterations were due to 
ctianRes in jmsition of the heart. They .sttidied this in pneumothorax, pneu¬ 
moperitoneum, thoracoplasty, ami imeumonoetomy. Weiss"' believed that 
Rfcat importance should be attributed to the iiosition of the mediu.stinum. When 
the inedia.stimim wa.s di.splaeed to the h'ft. he ob.served a more vertical po.si- 
tioii of the heart; he also ascribed the oeeurrenee of ncRative T waves in the 
preeordial leads to this displaeemont. A subelinieal cor inilmonale, develojiiiiR 
in the po.stoperative period, wa.s also siiid to be a factor in the formation of 
these ncRative T waves. Thus, chauRes in the jm.sition of the heart, ns well 
as myocardial abnormalities. miRht be the cause of jmstoiierative electrocardio- 
Rrnpbie ehniiRe.s. To illustrate this, Wci.ss citial llioeca and his co-workers' 
who attributed late T ehaiiRes after lobectomy and pneumonectomy to myo¬ 
cardial damage. During the first few jiostopi'rative days, llioeea observed 
ehanges in the S-T segment.s. which entirely re.sendiled the abnormalities found 
in acute pencarditis. 

Armen and Krank' likewise observed changes of the T wa\’es, but they 
believed that these were caused by the lu-e.senee of air between heart and chest 
wall. The electrocardiographie abnormalities occurred most frequently after 
a left pneumothorax treatment. In only 4 out of G8 ))atients did Hertzman 
and llathisen' find postoperative clcctrocardiogra])hie ehanges which, in their 
opinion, were not due to the altered position of the heart because these 4 ))a- 
tients showed an isoelectric T war-c in the firet .standard lead. 

The same abnormality of the T wave in the first lead wa.s obsei-ved by 
Rauehwerger and Erskinc.'- The.se authors were unable to find a satisfaetor.v 
explanation of this phenomenon, Hoppe' frequently observed a P pulmonale 
after pulmonary resection and he saw also transient S-T and T ehanges. 

From the Tuberculosis HosplUtl “Beatrixoonl." Appclsciia, Holland (Director: J. K. 
Kraan. M.D.). and the Jledlcal Clinic of the Ifnlversity Ho«?pital, Groningen, Hollaml (Direc¬ 
tor: P, S. P. van Buchem, sr.D.), 

Received for publication July 6, 1956. 
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The following pages deal with „m- pmonal obscwations of electroeardio 
g.aplue ehaiigcs n. a large series of patients witl. pulnionarr tuberenloL's. 
tieated by thoracoplasty or piilmonaiy rcsoetioii. 


SIKTHODS Oli' EXAMIXATIOX 

In every ejeetrocaj-cliographic examination a great numlier ol leads were 
takj namely, the three standard leads, tlie three nnipolar leads according to 
(^oldbevgcr, and the prccordial leads according to Wilson from to V in. 
elusive. 


The position of the heart was determined according to yVilson’s criteria; 
in order to avoid micro-cloctroeardiography the scmivcrtical and the semi- 
horizontal positions were regarded as intermediate. 

A preoperati%fe electrocardiogram was made of more than 500 patients 
.selected for operation; special attention was given to the position of the heart. 
In 444 patients of this group a postoperative electrocardiogram was recorded 
(at least six months after the oiieration); this eleetrocavdiogvam was compared 
with the ijreoperativo one. 

In a consecutive scries of 113 patienls of lliis group, one or more electro¬ 
cardiograms were also made in the immediate postoperative period. In 28 
consecutive patients of the latter group, the arterial oxygen saturation was 
determined simultanoouslj’- with the clcctroeardiogram. This was done by 
means of the hemorofioctor of Brinkma)i.*' The blood wa.s taken fi'om the 
brachial artery. To augment the accuracy of the detorminafion, the point of 
maximal saturation as well as the point of maximal dosaturation of each blood 
sample was also determined (Zijlstra'''). 

The presence or ab.sencc of pneumothorax was verified in 63 of the 113 
patients menlionod by means of x-ray pictures made simultaneously. 


RE.sunT.s 

There was a remarkably small number of patients iii whom electrocaidio- 
graphic abnormalities were found before the operation; only 12 of the o08 
patients were to bo regarded as having a pathologically changed electroeaidio- 
gram. In 10 patients, the T waves were abnormal; the standard leads, the 
unipolar as well as the procordial leads shoAving abnormalities in those waves. 
Tin was negative in all the.s'c 10 patients; in 5 of them Tn was isoelectnc or 
negative. Also, in 5 patients the Tj was negative or isoelectric. In all patients 
Tnvf. was pathologic, while 3 patients had a ncgatiA-e T wave in all preeordial 
leads. Less severe T-wave changes in the precordial leads Avere present in the 
other patients. In 9 of these 10 patients, the T-wave abnormalities liad im¬ 
proved after operation or had entirely disappeared; in one patient they re¬ 
mained unchanged. Two of these 12 patients showed a disturbance of con¬ 
duction; one a prolonged P-R interval and the other an arborization occ. 

Table I lists the data of the position of the heart in the 508 patient.s and 
the distribution over the vailous age groups, ylceording to this table, an in¬ 
termediate position of the heart Avas found in 51 per cent of the cases, ai n c 
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a hoiizontal position was oljsci-vcd in oiilj' 8 per cent. This sliould probaI)ly 
be attributed to tlic fact tliat tlie investigation dealt mainly with patients of 
the younger ago groups. 


Tahle I 


rosiTioN or 

THE HEART 

1 10-10 

1 YE.\RS 

1 20-29 

1 YEARS 

30-39 j 

YEARS 

40 YEARS 
AND OLDER 

1 

TOTAL 

PER- 

CEXTAGE 

Intermediate 

n 

02 

-14 

25 

140 

28 

Inlermedinto cwr* 

jn 

:v,\ 

38 

10 

97 

19 

Intermediate ccut} 

1 

s 

10 

3 


4 

Vortical 


3S 

25 

IS 

99 


Vertical cwr 

7 

Xi 

30 

11 

SI 

10 

Vertical ccwr 

3 

10 

7 

5 

25 

5 

Horizontal 


5 

0 

5 

10 

3 

Horizontal cwr 

- 

S 

$ 

12 

28 

5 

Totals 

-IS 

197 

108 

95 

SOS 

100 


•cut = clocku'lso lolutlon. 
icewr = counterclockwise rotation. 


Comparison of the preoperative and postoperative eleetroourdiograms of 
444 patients proved that there was still a manifest change in position in 94 
eases six months after the operation (that i.s. in 31 per cent of cases). 

Table II .show.s tbe distribution over the various operations. 


Tahi.e II 




OHAN’OK IX THE POSITIOX OF THE 



HEART AFTER OPERATIOX 

TYPE or OPFJtATIOX 

TOTAL NUMIIER 

I TOTAL ! 

PER CENT 

Thoracoplasty 

““ho 


IS 

(Schodo modification) 

19( 



Pleurcctoniv 

17 

3 

IS 

Scffmcntal resection 

233 

45 

19 

Lobectomy 

78 

10 

21 

Pneumonectomy 

37 

10 

43 

Totals 

444 

94 

21 

ItiRht-sided operations 

208 

37 

18 

LoH-sided operations 

230 

57 

24 


It i.s evident that the frequency of change of position was significant!}’ 
higher after ])noumonectomy than after thoracoplasty, segmental resection, 
or lobectomy. The latter groups show only slight mutual differences. An 
operation on the left hemithorax led to a somewhat higher percentage of 
changes of position than an operation on the right side, but this difference is 
not statistically significant. After a left pneumonectomy there was a teudeney 
to a more horizontal position of the heart. The same was observed after left 
and right lobectomy. In the other operations, no particular tendency could 
be distinguished. 

Directly after the operation the electrocardiogram usually showed an 
increase of the frequency combined -with a diminution of the amplitude of the 
QRS complex. 

Thirt}'-five of the 113 patients, who were eleotrocardiographically exam¬ 
ined immediately postoperatively, also had other abnormalities that were to 
be regarded as pathologic. These abnormalities were always located in the S-T 
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scgmeiils and the T waves, in o patieiils. elevated 8-1’ segments were found, 
namely, in Leads T, II, aYr, and Y^ (Fig. 1, V). The other patients only showed 
changes in the T waves; the most frequent observation was negativity of the 
T waves in all precordial lead.s. This was the ease in 21 patients (Fig. 1, A, 
Ti, and F). 


A 


m Al/R AUL AVF V/1 U2 \JA V/6 


B 



I 

I 







' ' of f palcnt-i iecor<I«<I in tlif first U\o ticekh ftfWr oprt.itiji 

Fig. 1.— ElectrocaraiogianiH ® J’ operation, 

A, right-raced 

F, Bcvcn dayH after pniu 

I HHa 3 “anef 

Bcven -laya after left pneumcncctorm- ^ ^ 

i„ ■■''I ^ 

:“i 07 ..^“ "noa.r »n t ^ av„.. 
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Nonil^r I 

ahvays positive. Hvci-y one of those 35 jiatients showed also abnoinialitie.s in 
tlie T waves in the standavd leads. The Tm was always isoelectric or negative; 
in 5 cases the Ti was almonnal (Fig. 1, F). 

These S-T and T-wave changes gradually disappeared in most patients, 
sometimes as early as after a week, in other jiatients after some weeks or 
months (Fig. 2). Only in one ease did the changes of the T waves persist for 
longer than six months. 

Table 111 shows the relationship between the oecurrence of the S-T and 
T-wave changes and the nature of the ojierjition. It is a striking feature that 
the number of eases with abnormalities of the T waves is relatively greater 
in pneumoneetomies than after the other operations. On the other hand, the 
above-mentioned abnormalities do not arise at all after thoracoplasty. 


T.\m.K 111 


TVl'KOFOPKKATION 

TOTAI. XUMHKi: OF 
rATlKNTR 

S-T AN’H T-U’AVB CHAXfiBS 

1 I’BHCKN'T 

Thoracoplasty 


0 0 

S<*cmontal rcsoctimi 

0:1 

17 32 

Lobectomy 

I!l 

.■) 20 

PiuMimonoctomy 

20 

13 (ij 

Total 

11:1 

35 31 


We also studied whether there was any i-clationship between these changes 
in the T waves and the imstoperative arterial oxygen saturation. As no nega¬ 
tive T waves were observed after thoraeojtlasty, we se))arately considered the 
thoracoplasty eases in the conseeutive scries of 28 jiatients in whom the arterial 
oxygen saturation was determined during the fir.st po.stoperative weeks; 8 
patients in total. 

Table IV contains the data obtained in these 8 patients. It was found 
that the arterial oxygen saturation can fall to low levels after thoracoplasty. 
This severe and long-lasting undei-saturation was especially observed in the 


Tai)i.k IV. Tiroi:Acoei..\STV Ca.sks 


CASK NUMUKR 

1 OXYOEX SATUKATIOX (%) ! 

R-T- ANIl T-WAYE CHANGES 

1 HHFOI5K OPERATION ) 

AFTER OPERATION 

1 

})5 

94 V* 

Absent 

0 

96 

91 

Absent 

3 

_ 

93 V! 

Absent 

4 

n 2 v. 

90 

Absent 

0 

no 

84 

, Absent 

fi 

no 

94 

Absent 

7 

91 

89 

Absent 

S 

- 

75 

Absent 


patients in whom thoracoplasty had resulted in a pendular movement of the 
anterior chest wall, refractorj- to corrective measures. It must be pointed out 
that in each instance the lowest oxygen saturations of the first postoperative 
weeks are listed in the tables. The electrocardiogram and the oxygen satura¬ 
tion weri' frequently determined, so long as the latter value had not reached 
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])roopoi'iitivc levels. This was usually the case in the first postoperative week; 
I’atieuts 5 and 8 from Table IV, however, needed more than a fortnight before 
the oxygon saturation had become normal (Jtaicr and Cournaud'“). 

It is evident that even a markedly lowered oxygen saturation was not 
accompanied by electroeardiographie changes as described above. At most, some 
flattening of the T waves in the first standartl lead and in V„ was observed, 
probably as an anoxemia reaetion. 

Table V gives the same data of the 20 other patients, who underwent 
some form of resection therapy. In these patients also the arterial oxygen 
saturation sometimes fell eonsiderably in the jinstoperative period and in a 
number of them the S-T and T-wave changes arose. On the other hand, these 
abnormalities were also obsei’vcd in the patients in whom the oxygen satura¬ 
tion did not fall at all after the operation. The table shows that there does 
not exist any relationshi]) between the oceurrenee of the electroeardiographie 
changes and the arterial oxygen -saturation. 


T.mii.e V. liESUCTio.x C.vses 


CASK KUMltKi: 

OXVr.EN S.\TUr..\TIOX (%) 

UKKOr.K OPF.UATIOK | AFTEIl OVKIUTIOV 

S-T- AN'Jl T-WAVi; CIIANOES 

1 

02 

70 

Alijsent 

2 


^4 Vi 

Al>,‘-ont 

3 

no 

no 

Alisont 

4 

no 

J»0 

AlisonI 

5 

Oo 

01 

Alisoiit 

6 

no 

Oo 

Absent 

7 

no 

61 

Al)S(‘nt 

8 

n.i 

80 

Absoiit 

0 

no 

03 

Ahsrnt 

10 


r»s 

Onlv Tv 4 iiOKutivc 

11 

no 

88 

Present 

12 

07 

no 

Presont 

13 

no 

03 

Prpsont 

14 

06 

no 

Prespnt 

15 

no 

no 

Present 

16 

96 

05 

Present 

17 


02 

Pifspnt 

IS 

ns 

04 

Pipsent 

in 

no 

04 

Prpsont 

20 

041/. 

00 

Prpsent 


On the basis of the radiologic findings of 63 eases, we finally studied 
whether there was a correlation between the elcetrocardiographic abnormalities 
and the presence of air in the thoracic cavity. 

Thirty-two patients had undergone a left-sided resection; in 16 of them 
the T-wave changes developed in the first week, while only 3 of them had a 
pneumothorax at the same time. In 6 other patients, however, a pneumothorax 
was present without any changes on the electrocardiogram. The same ratio 
was obsen-ed in the operations on the right side. It was impossible to demon¬ 
strate a relationship between the presence of air in the pleural cavity and the 
occurrence of electrocardiographic changes. 
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WSCUrtSIOK 

. patients examined did an abuoi-mai eleetvocarcliograni 

CMst before the operation. This is quite consistent with the investigation ear¬ 
ned out by Harden and his associates* who found only one abnormal eleetro- 
eardiogram in 9n patients. Bjorkmand ho^vcver, arrived at quite different 
gures. ^ These differences are probably due to varying o])inions on what shonkl 
bo considered normal and abnormal in the electrocardiogram. We must re¬ 
mark that we did not regard an isolated negative T wave in Lead HI or aVr 
as pathologic. Changes in the position of the heart are generally de.scribecl 
after intrathoracie operations (Harden,® Weinshell,^* Hertzmaiv).' A distinc¬ 
tion must be made between the transient changes of the position of the heart, 
as oliserved shortly after the operation, and the final changes found later, 
for example, after six months. The frequent oeeuri'ence of a permanent change 
in the position after a left pneumoneetomy is an especially striking feature. 

The change of the position as .such may give lose to a flattening or turning 
negative of the T waves in various loads {Croldbcrgor'®). An electrocardiogram 
recorded in the first week following operation may show quite different 
changes, localized in the T waves and S-T segments. Wc ohserved these 
changes in 35 of the 113 patients examined for this. Kegative T waves were 
found in all ]ireeordial leads, while a negative Tj and Tn were also observed. 
In these cases we could speak of massive T-wave changes. These abnormalities 
were usually of short duration, lasting only for some weeks. T-wave changes 
have also been desevihed in the litevatnve, but only a few ijivestigators have 
carried out electrocardiographic investigations during the first postoperative 
week (for example, Hoppe^). It is only possible to get informatuon about these 
electrocardiograjjhic abnormalities by making an electrocardiogram as early 
as possible after the operation. 

Opinions vary on the cause of the T-wave changes after resection therapy 
for tubei'culosis. 

We cannot confirm Weiss’s® opinion that a displacement of the mediastinum 
to the left may be an etiological factor. This displacement was observed se\ oral 
times in oiir jjatients with left pneumonectomies. The negative T waves nsu 
ally disappeared rapidly, while the displacement of the mediastinum pevsjstoc 
or even became worse. In the only patient with the peis'istent negative 
wav'^es, the mediastinum was not displaced to the left. 

The presence of air between the heart and the chest wall has also been 
mentioned as a cause of the T-wave changes (ArmeW). We were unable to 
find any indications of this. . 

Lesions of the myocardium (“myocardial imr 

also been eonsidei'cd responsible (Katz/ Rahman). e and the 

correlation between the occurrence of electrocardiographic ^ g 
arterial undersaturation. , » 

Refrigeration during the opei-ation (Rahman”) doe^ 
importance in this respeat. 
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Digitalis i)i'a|)aiations may i-aiisc iiintiilVsl S-T and T-wavo eliaiiges, wliicli 
may to some extent siimilate tlie abnormalities described by ns. AYc did not. 
treat onr patients ■with any of these prej»arations, so that this cansative factor 
ean bo ruled out. 

According to some investigators (AVci.ss’“), overloading of the right heart 
after pulmonary resection might give ri.se to change.s of tlie electrocardiogram. 
AVc did not believe that this is probable, in view of the investigations of 
Sluitcr^^ and .^ehwcutzer” who di»l not obsei've such T-wave ehaTiges oven in 
the case of a eompletely developed eor pulmonale. 

The great similarity to the inetnre of acute i)eriearditis was a striking 
feature in all the eases with extensive T-wave and S-T changes in the post¬ 
operative electrocardiogram. Fig. 1. 1> is very illustrative in this respect, as 
the characteristic .S-T elevations are i)re.sent. This similarity was .also ob- 
.served by the Italian inve.stigator di .Maria (cited by Harden“l. AYe arc, there¬ 
fore. of the o])inion that the eleetroeardiographie abnorm.alities found by us. 
in ))atients who had undergone pulmonary re.scetion. were attributable to 
changes of the pericardium. In one of our patients, a ])erienrdial puncture was 
recpiired, as the eireulatioii had been seriou.sly impeded due to accumulation of 
fluid in the pericardium (electrocardiogram of this ])atient: Fig. 1, 1C, This 
electrocardiogram .shows a somewhat later stage in which the S-T elevations 
aro dimini.sheil and the changes in the T waves appear). Berard and Jaeque- 
met- observed an increase of fluid in the perieanlium in 4 out of oOO cases of 
imlmonary resection (only after pneumonectomy). Tlie.\ did not carry out elec- 
troeardiographie examinations, however. 

During the first ]iostoperativc period, eleetroeardiograi)hic changes such 
as those ,just de.seribed after pulmouaiy operations are also observed after 
certain heart operations; eommis.surotom.v of the mitral valve in mitral .steno¬ 
sis, and valvulotomy of the i)ulmonarv valves in eases of pulmonaiy stenosis. 
In these cardiac operations, the iierieanlium is opened and it is conceivable 
th.at a condition of irritation of the two pericardial leaves may develop. On 
several occasions, Campbell and Brock' had to perform pericardial puncture 
after a valvulotomy for ])ulmonary stenosis. Analogous to this it seems to 
us that in a number of eases of imlmonaiy tuberculosis a transient, usually 
.s.vinptomless, iierieardial irritation may be caused by intrathoraeic operations 
with manipulations in the neighborhood of the pericardium. This irritation 
many give i-ise to a tyi)ical eleetroeardiographii’ picture, which proves to be 
reversible in most cases. AYe were .strengthened in this opinion by the ab¬ 
sence of clectiMtcardiographic abnormalities in the S-T and T waves after 
thoracoplasties. Pericardial aspiration would appear to be indicated in eases 
in which this electrocardiographic picture is observed in combination with a 
weak pulse and other signs of fluid accumulation in the pericardium. 

SUM3I.1RV 

1. The electrocardiograi)hic findings in more than oOO patients with pul¬ 
monary tuberculosis were studied. Special attention was given to the posi¬ 
tion of the heart in connection with age. In only 12 patients a pathologic elec¬ 
trocardiogram was found: the abnoriiialitics were mainly located in the T waves. 
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w. n 444 i)atients, the electroearcliograni recorded if cK 4 -t, 

!rith th (‘>>«-='<>Plasty and pulmonaiy resection). ,vas coZa2^^ 

A\Ath the preoperative electroearcliogram. A change in no<?ifin,i of . 

Znfrttr -fie pSon“ 

qiient after left pneumonectomjf. 


o. Repeated eleetroeardiographie examinations were carried out durino- 
le fiist postoperative weeks in 113 consecutive patients from this series". 
Tliiitj-fi^ e of them showed extensive changes in the S-T and T waves which 
developed soon after the operation and pei-sistcd during a number of weeks 
but disappeared in most eases within sLx months after the operation. 


4. The cause of these electrocardiographic changes in the postoperative 
period is discussed. Based on the marked similarity of the electrocardio¬ 
graphic picture with that of pericarditis and on the strength of clinical ob¬ 
servations, it is considered probable that the abnormalities found are caused 
by pericardial irritation. 


-All the operations mentioned were performed hv Prof. L. D. Eerland, M.D. (Director 
of the Surgical Clinic, University Hospital, Groningen, Holland). 
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T he use of .spnec-tflkiiig deviecs hn.s long been a part of tlic treatment of 
pulmonary tubereulosi.s. It is said tiint therapeutic iujeetions of air into 
tlic thorax were advocated at tlic time of Hii)pocratc.s. Oilehri.st,' in the middle 
of the eighteenth century, recominendcd pneumothorax; and Carson,- in 1819, 
de.scrihed the pulmonary phy.siology with an amazing degree of accuracy and 
advised inlrathoraeic injections of air for “tjuicsccncc" of a diseased lung. 
Olliers made similar pleas for some type of collapse therapy of llic lung with 
pneumothorax, hut it remained for Forlanini’ of Italy, in 1882, to do.scrihe an 
aseptic method and .specific tocimieiue which made pneumothorax a standard 
of treatment for tuherculosi.s, and others later to make it a "mu.st” for un- 
conlrollahlo hemoptj’sis 

DeCcrenvillc,'' in ISSo, dcscrihed a method of anterior llmracoplnsty allow- 
ing the cut cuds of the rihs to come together and reducing the circumference 
of the chest to close tuhcrculoiis cavities. Others reported similar operations, 
as did Bratier’ and Friedrich” who popularized massive rib resections in Euvoiio 
in the early part of the twentieth century. Later, Wilms,' Sauerhruch,* and 
Alexander’ developed the safe, conventional, staged thoracoplasty done today. 

Tufiier,” ill 1891, first dcscrihed his ‘-extraploural pnoumonolysis" con¬ 
sisting of stripping the pleura from the rib cage over the apex of the lung 
through an incision in the second interspace anteriorly and lelliug this space 
fill with air. In 1901. Sarfert" perfomed a similar procedure, using a gauze 
packing to maintain the dcprc.s.sion of the pleura. Tuffier then reported on 
similar ea,ses in which he filled the space with grafts of adipose tissue, omentum, 
and fibromas. Later ho used refills of air and parallin, though the latter filling 
had been reported first by Baer” in 191.3. JIanj- other filling substances have 
been reported: Lilionthai,-’ 1928, gum sheeting: Ale.\andor,» 1930, autogenous 
grafts of pcetoral muscles; Oiightcrson and Harvey,’' rubber bags; Elocsscr, 
1932, paraffin. 

With the development of inilmonary re.scetions in the treatment of pul¬ 
monary tuberculosis, there was an even greater stimulus for fui'thor search foi 
space-taking dcviecs. Since the introduction of plastics, various of those ma¬ 
terials have been used for the purpose of filling spaces in the bony thorax in 
the treatment of tuberculosis. Lucitc balls were first used by M dson one 
Baker.” Later, the use of Polystan (polyethylene) sponges were reported by 
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'7" 'fClinic reported 

LdX; «‘^v; 

Conventional thoracoplasties, while ha^in« the advantage oi beino entireh 
nonimtating, have the marked disadvantages of requiring several stages and 
easing large portions of chest flail, making for respiratory difficultios durimv 



Fig. 1—Photograph of 51 H, 28-year-ol(J ^\hIte man, who had a comentional thiee- 
stage, 7-nb thoracoplasty on the right, a 7-rib plombage thoracoplasty on the left Note the 
scoliosis, rib cage deformity, elevated shoulder and muscular atrophy on the light secondary 
to the conventional thoracoplasty 


the healing period. Unfortunately, in addition, they impair the breathing 
capacities, as well as being extremely disfiguring. Plombage, for either pri¬ 
mary or secondary procedures, has the advantages of being a single proce¬ 
dure, of avoiding the flail chest, reducing the operative risk, obtaining better 
and more exact collapse, and reducing pain and loss ot mobility ot the ad,ia- 
cent arm. Equally as important is the preservation of pulinonaiy function. 
Watson and Gaensler-'’ demonstrated a drop in 2}nlmonary function of only 
about one-balf as much with plombage thoracoplasty as with conventional 
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thoracoplasty, this rvorlc bciiijt done on patients who had Liicitc halls used for 
the plomhagc thoracoplasty. This makes it feasible to operate nnilatcrally 
and bilaterally on poor-risk ])atien1s that could not tolerate the elas.sic staged 
thoracoplasty (Fig. 1). 

Of further importance is a factor that has not bcmi sufficiently stressed. 
Economically, the plomhagc procedures ofTer a tremendous saving in many 
ways, especially in the pre.senec of a backlog of patients. Tn a given time.with 
a fixed personnel, more plomba.ge ])rocedure.s can be ])erformed than conven¬ 
tional thoracoplasties or resections. Foslo)>crativcty, the patients do extremely 
well and recpiire far less care. Tn addition, a shorter period of total and 
postoperative hospitiilization is ref|uired for these patients. 

MATKItlAI, USEO AS PLOXIIlAliE 

As just mentioned, many different types of material have been used for 
plombage and reported upon. Each has its advtintages and disadvantages, 
tlrowing body tissues would seem to be, the most desirable. However, the 
obvious disadvantages are that they are diflienlt tn obtain, scant in (piantit.v, 
and tend to atroiiby. Inert foreign substances would, of course, seem to be 
the next most fea.sible. Ideally tbe.v should be: (1) stable, (2) ebemieally 
inactive, (3) comprc.s.sible, (4) able to produce minimal foreign body resjion.se, 
(5) easily .shaped. (0) light in weight, and (7) of such a nature that they 
might be incorporated into the body tissues. That such jiroperties may be 
assigned to formalinized polyvinyl alcohol sponges was first demonstrated by 
Grindlay and Waugh,'” and later confirmed by Gale and co-workers.'-' We 
have used this tyjie .s|iongc exclusively. 

TYPES OK OPERATIONS AND INDICATIONS 

At the Jlis.si.ssippi State Sanatorium, we have been using the Ivalon 
sponge for a period of four .vears. This report deals with the utilization of 
150 sponges in the fiist 144 consecutive patients who have been followed from 
one to four years. 

The plombage procedures arc cla.ssificd as ‘'1’rimar.v'’ if used for eollapsc 
and as “Secondary” if used as space fillers following resection. The priinarv 
procedures were usually plombage thoracoplasties in which the sponge was 
placed snbcostally, c.xtraperiosteally as a permanent implant. In some cases, 
however, the sponge was placed cxtraiileurally after stripping the parietal 
pleura from the chest wall. 

Secondary plombages were usually placed extrapleurally or extraperios- 
teally as a tailoring procedure in cases where a lobe or more pulmonary tissue 
was removed and the remaining lung did not readily fill the hemithorax. These 
plombages were preferably introduced as a part of the same operation wherein 
the resection was carried out, though .some were done at a second operation. 
In a few cases, following pneumonectomies, the sponges Avere introduced intra- 
pleurally after a minimum postoperath'c delay of three months. 
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n ^ the secondary space-filling procedures are essentially as 
ned by Cotton and Paulsen^^ and may be briefly summarized as the preven- 
tion of overdistention if (1) the remaining: lung will not easily fill the chest or if 
(2) extensive residual disease, particularly of the contralateral apex, makes any 
degree of overdistention undesirable. The indications for the primary plombage 
are somewhat more controversial even though, basicallj^, they were set forth 
by luffier,'^ the originator of "extrapleural pneunionolysis" and have changed 
veij-little since that time. These are: (1) uncontrollable hemoptysis from an 
apical lesion, (2) fibroeavitary tuberculo.sis limited to the upper portion of the 
lung, (3) supple cavities less than 4 cm. in size, (4) lesions of tuberculosis 
wliieh might well be resected but for a positive sputum -with bacilli resistant to 


present antituberculous medications. In addition, (5) plombage thoraco¬ 
plasties are preferred for unilateral and bilateral procedures in patients with 
markedly impaired respiratory reserves, and (6) where tlie distiibution of 


the disease makes resection of all significant residuals impractical or impossible, 
but allows collapse of open cavitary apical lesions, 

Tbe primary extrapleural plombage has been used only in cases where 
there is some good evidence of healing of the disease prior to surgery and there 
is no evidence of cavitation within a centimeter of the periphery of the lung. 
With extreme care in the selection of patients, avoiding the pitfalls emphasized 
bj’' Zimmerman and his associates,^^ the risks should he minimal, but at the 
same time the scope of this procedure will be severely limited. 


OPBRATiVE METHODS 

Primary plombage thoracoplasties are performed much as originally out¬ 
lined by Wilson and Baker." The usual parascapular incision is made as for 
a conventional thoracoplasty and the inferior extent of the thoracoplasty is 
determined by the usual criteria for conventional thoraeoplasU'. Beginning 
with the lowest rib and continuing through the first, the periosteum is stripped 
only from the under surface of the rib, leaving the outer surface intact. The 
X>osterior muscle bundles are dissected free from the ribs subpei'iosteally by 
blunt dissection around to tbe vertebral column. The intercostal mu.scles ai'c 
divided posteriorly after being separated from the associated intercostal vessels 
and netwes which are eax'efullj’’ preserved. 

The subcostal space is'irrigated, hemostasis achieved as carefully as pos¬ 
sible, and an Ivalon sponge is tailored to fit. Extra sponge is added anteriorly 
or latci'ally between the original spoxige ami the rib cage to achieve the desired 
compression. Penicillin and streptomycin, in relativelj^ large quantities, aie 
injected into the sponge and the sponges are sutured in place to each other 
and/or to adjacent ribs. A single drainage lube is inserted into the subcostal 
space through an inferior stab wound in the inidaxillary line and attached to 
a water-seal drainage system. If the pleura has been opened accidental^ a 
thoracotomy tube is inserted intrapleurally and connected with a drainage 
bottle. The wounds are closed in layers, and a pressure dressing and a snug- 
fitting chest binder are applied. Drainage tubes are removed when they cease 
to drain (usually about the third postoperative day). It is quite routine to 
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collect 800 to 1,000 c.c. of serosanguineous drainage from tlie wound. If this 
IS not drained, more collapse of the lung is obtained than is desired, and this 
extra fluid maj^ add to the dangers of infection (Figs. 2 and 3). 

The method of introducing the primary' extrapleural plombage varies in 
that a short posterior incision is made and a 10 cm. length of the fourth rib 
is resected. The endothoraoie fascial plane is entered and the parietal pleura 
freed br blunt dissection over the entire area which is to be collapsed. The 
opened siiace is then filled Avith the shaped sponge whicli may be sutured to the 
chest wall. The usual penicillin and streptomycin are introduced into the 
sponge and the area drained as in Ihc extraperiosteal plombage. Postoperative 
ti-eatment is the same (Figs. Fi and -iB). 

Insertion of the plombage in the exlraplenral space following resection 
is usually done at the time of resection. Following completion of the lobectomy, 
the pleura is separated from the chest wail beginning at the sile of the thora¬ 
cotomy and extending over the same area as was filled by the resected lung. A 
sponge is cut to fit the extrapleural space and sutured in place. After a drain¬ 
age tube has been inserted anterolaterally, the edge of the pleura is sutured 
back to the chest lA^all, extrapleuralizing the entire sponge. In those eases where 
the pleura has been torn or ivliere a partial pleurectomy was reciuired in the 
original resection, the pleura is I’epaired in order to be certain that the sponge 
is Availed off from the remaining lung tissue. Only occasionally lias there been 
insufficient pleura to cover the sponge. In these eases, it is usually preferable 
to do a plombage thoracoplasty or to insei-t the extrapleural sponge at a later 
date (Figs. 5A and 5B). 

]\Iost of the plombes used A\ith resection have been Avith upper lobectomies. 
HoAvcA'cr, three sjiongcs have been u.sod following loAvcr lobectomy. One of 
these Avas placed in the ajiex above a dejiressed right upper lobe after bilobec¬ 
tomy, and tAVO Avere placed in the exti'apleural space formed bj’’ dissecting the 
loAA^er posterolateral pleura free as far as tlic edge of the diaphragm and then 
inserting the sponge in this pocket. The .sponge extended OA^er the jiosteiaor 
half of the diaphragm, thus leaving the diaphragm intact and functioning OA^er 
its anterior half. No ill effects haA'e been noted. 

In cases Avhere it is desirable to achicA^c simultaneous collapse AAoth a re¬ 
section, but most of the parietal pleura has been stripped off or there has been 
contamination of the pleural space, a plombage thoracoplasty is performed. 
This secondary thoracoplasty is carried out in a manner similar to the 
primary plombage thoracoplasty, except that an attempt is made heie to folloAA 
the limits of the removed lung tissue rather than square off the lower margin 
as is done in primary thoracoplasties. 

Post resection plombages as second procedures have been carried out for 
the same indications as those above except in situations AA-here the filling ability 
of the lung Avas misjudged, AAdiere the original procedure had been of con- 
nderable duration, or AAdiere there Avas considerable contamination. As a gen- 
iral rule, this is an unsatisfactory procedure since it is difficult to follow the 
mtlines of the resected lung tissue at a second operation and it probably eol- 
apses considerable usable lung tissue. 
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riff. SA .—Prcoperntlvo rocntRonoffroms of C. W., a 44*year-oId rvhfte man, who had ha<I 
a left three-staee S»rib thoracoplasty five years previously. Patient has a marked Ih'phoscolio- 
sis and a nmxlmunt brcatlijnff capacity reduced to CO L. per minute. 
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Fig. 5B,—Postoperative roentpenogram after resection of 
middle lobes for a tuberculous granuloma vvith a concomitant 
Tl\c patient continues to do well three years later. 


the right upper and right 
5-rlh plombage thoracoplasty. 
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Fig. 6B .—Roentgenogram after insertion of Ivalon sponge into left pleurai space three 
montlis postpneumonectomy. Patient became much less dyspneic. tliough symptoms of cor 
pulmonale liave persisted intermittently during the subsequent two years. Sputum remains 
negative. 
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Tlic last method of idomhage eoucerns its intrapleural use following pneu¬ 
monectomies. !Most of these pueumonectomios have been for destroyed lungs; 
and the parietal pleura, or a large portion thereof, has been removed rvith the 
diseased lung. Since it is felt that in many cases the field may he contaminated, 
no sponge has been inserted intrapleurally at the. time of the primary operation 
hut is inserted at a second procedure at least three months later. As the ma¬ 
jority of bronchopleural fi.stulas or empyemas wilt become evident within this 
time, it seems safer to wait this period. Gale and associates-* have warned about 
the increased dangers of infection if a .sponge is pinecd intrapleurally at the 
time of operation. 

Since the sixth rib has usually been resected for the pneumonectomy, the 
chc.st is re-entered through an interspace, as resection of the fifth rib creates 
sufficient deformity for the .scapula to impinge beneath the seventh rib. At the 
time of tlie second operation, the coagulated fluid is removed and examination 
of the space demon,strates a thick fibrous peel over the entire chest cavity, 
almost invariably drawing the mediastinum toward the operated side for a 
distance of 2 to 5 cm. The fibrous pcci is .separated at its mediastinal edges, 
thus allowing the mediastinum to return to the mldlinc. A sponge is then cut 
to fit the space snugly (but not tightly); penicillin and streptomycin are added, 
and the chc.st wall is closed in layers witli drainage (Figs. GA and 6B). 

RESULT.? 

One liundred and fifty plomhagc procedures had been performed from 
one to four years prior to tlie completion of this study. .Seventy-five have been 
primary plombago thoracoplasties and 10 iiavc been primary cxtraplcnral plomb- 
ages. Tlicre have been 31 extrapleural plomltagcs performed as a single pro¬ 
cedure with a resection, and 12 plomhagc thoracoplasties simultaneous with re¬ 
section. Of these latter, 4 were associated with pncumonoctomie,s while the 
otlicrs were with lohcctomics or tlieir equivalent. There hn.s been only one po.st- 
rescction extrapleural plomhagc performed as a second operation. Of 9 
postrcscction plomhagc thoracoplasties, done as second-stage operations, 5 fol¬ 
lowed pneumonectomies, and 4 followed loiicetomics. Twelve intrapleural 
plombagcs liavc been u.sed, all following pneumonecloinie.s. 

Tabi.e T. Ivaion SroNCKS U.sei> at SI.S.S. 

July 1, 1952—June 30, 1935 


Plombage thoracoplasty, primary 75 

Extrapleural plomhagc, primarj* 10 

Concomitant lobectomy and extrapleural plombage 31 

Concomitant lobectomy and plombage thoracoplasty 8 

Concomitant pneumonectomy and plombage thoracoplasty 4 

Postlobcctomy extrapleural plomlmgc 1 

Postloboctomy plombage thoracoplasty 4 

Postpncnmonectoiny plombage thoracoplasty 5 

Postpneumonectomy intrapleural plombage 12 

Total_ 150 


Infection has been the ciiicf coneem. Ho^Yever, to ttato, only 3 sponges 
have had to be removed for infection. Two had been nsed for plombago tho' 
racoplasties and started draining five and twenty-four mont ' espe v, 
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postoperatively. The sponges were easily removed and the ribs resected in a 
conversion thoracoplasty with early healing. One extrapleural sponge inserted 
at the time of a left upper lobectomy became infected and tJie patient de¬ 
veloped a bronchopleural fistula three months postoperatively. The sponge 
was removed and tlie space drained, with spontaneous closure of the broncho- 
pleuial fistula the following day. A limited thoracoplasty subsequently has 
given complete healing. In no case has there been a tuberculous infection. 

We have been willing to accept a small percentage of infections, feeling 
that the advantages outweigh this disadvantage. The chest becomes stabilized 
in two or three months, and it is a simple matter to remove the sponge and 
convert to a conventional thoraeoplastj'’ should infection intervene. 

Desforges, Gibbons, and Strieder--"’ have reported finding positive culti^res 
for acid-fast bacilli in the .subcostal fluid in 12 of 32 cases of plombage tho- 
I’acoplasty, done essentially by the .same technique as just described, but using 
Lucite balls. As the tubercle bacilli must certainly be present in the region 
of the sponge in many of our ea.ses, it has been surprising that none have 
developed a clinical tuberculous infection. Perhaps the fact that the Ivalon 
sponge is incorporated into the body tissues, and does not create a permanent 
nidus of fluid, may in part account for this. 

There has been one deatli associated with these procedures. In this case, 
cardiac arrest occurred just as the skin had been closed following insertion 
of a sponge intrapleurally three months after a right pneumonectomy. The 
incision was immediately reopened, but some extra time was required in re¬ 
moving the sponge before cardiac massage could be started. A full physical 
recovery was obtained, but there was marked cerebral damage. At the end of 
one month, during which gradual mental improvement had been noted, siiddcn 
death occurred due to a pulmonary embolus, proved by autopsy. 

We have had one other complication, this being in a patient who had a 
pneumonectomj^ and subsequent 9-rib plombage thoracoplasty. Six weeks fol¬ 
lowing the thoracoplasty, the patient began to complain of numbness, tingling 
and, later, weakness in the ulnar side of her arm, leading to her later hos¬ 
pitalization at an outside hospital. Subsequently, operation demonstrated a 
dense layer of fibrous tissue .suri’ounding the third trunk of the brachial plexus 
which was freed with gradual subsidence of sjuiiptoms."® 

Of some concern to us at the beginning of this series was the fate of the 
ribs stripped of their periosteum and, indeed, the first thoracoplasties were car¬ 
ried out with complete stripping of the ribs. Many of these ribs atrophied to 
the extent that they broke spontaneously. However, ribs that have been stripped 
of periosteum only from the under surface do not atrophy and appear quite 
normal both histoiogieally (Fig. 7) and roentgcnographically. 

Some of the sponges have been re-examined as long as twenly-six months 
following their insertion. If infected, the sponge lay in a sea of piirii en 
fluid and could be easily lifted out. Usually, however, the sponges were firm y 
fixed bv an ingrowth of fibrous tissue for 5 to 10 mm., appeared grossly qui e 
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normal and retained the original resiliency. Tlicy were moist, but not aeeom- 
))nTiied hy overt liuid necnnndations. Some mild pleuritic inflammation ap¬ 
peared to have heen ineited, as there was always a moderately adliercnt symphy- 
sis oC the visceral and ])ariota! pleurae underlying an e.xtrapicural sponge. 



t'ig. 7.—-Ptiotomlcrograpli (X2Q0) of rib that haO been comi>letely dcperJostenJIzetl 
twenty-six tnonths prcvlougly at poslpneunmncctomy j>)oinbnpD thoracoplfls.ty <L. B. B.). 
The bone appears viable wltli normal manow elements. There is dense fibrous tissue sur- 
roundlne the rib Instead of periosteum. Grossly, this rib Imd atrophied to about one fourth 
of its prevlotis (liametcr. 



Fig. g —^Photomicrograph (ylOO) oC Ivalon sponge (light areas) ernneshed with Bbrous con- 
nective tissue of moderate vascularity. Foreign body giant cells are present. 
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Slicroseopicallj^, the ingTowth of fibrous connective tissue was denion- 
slrated with vaiying numbers of foreign body giant cells and collections of 
hemosiderin pigmcjit (Fig. 8). TJie infected sponges showed a Iromendons 
increase in pigmentation and foreign body reaction. 

The therapeutic I’csults of the priinaiy pJombage thoracoplasties and pi'i- 
mai’y extrapleural plombagcs as definitive procedures for tuberculosis have 
been gratifying. Of the SO patients with 85 primary plombage procedures 
followed from one to four years, 72 have had their disease controlled by the 
collapse alone. One continues to have a positive s])utum intermittently, Imt is 
deemed unsuitable for any further procedure. The other 7 have required 
additional surgery and a full account of this experience will be the subject of 
a subsequent report. 

Recently it has been demonstrated that virtually any plastic polymer im¬ 
planted into the subeutaneous tissues of rats will act as a carcinogenic agent, 
usuall 3 ’^ producing a fibrosarcoma.-'’ Those various pioymevs included Cello¬ 
phane, Dacron, polyethjdenc, polyvinjdehloride, Silastic, Pliofilm, njdon, pol.y- 
methyl methacrylate, polystyrene, Saran, Ivalon, TCel-F, Teflon, and even silk. 
These agents required i'oughl. 3 ' fourteen to Iwent.v-oight months to produce 
tumors, thus usually taking over one-half the life span in a susceptible strain 
of rat. Whether this can bo applied to human experience cannot be readilj’’ 
determined, but it would seem wise, perhaps, to restrict the use of anj’’ im¬ 
planted plastic matei'ial in clinical use to the older age groups, 

SUMMARY AND CONCLUSION 

The history of the development of the thorncoplast.v and other space-filling 
devices in the treatment of tuberculosis is briefl.y j'ovieAved, Experience Avith 
the use of 150 Ivalon (formalinized pol.A'vinj-l alcohol) sponges, used as space¬ 
taking devices in 144 patients over a period of three j’-cars at the lilissis- 
sippi State Sanatorium, is reported. Of these 150 sponges, 75 Avere pi'imary 
plombage thoracoplasties, 10 primary extrapleural plombages, and the remainder 
postresection plombages used either concomitanth' Avitli the resection or as a 
second procedure. 

Of these sponges, 3 liaAm become infected. PolloAving their remoyal and 
conversion thoracoplasty, healing has occurred in all. No tuberculous infection 
has been encountered. One other sponge Avas removed because of fibrosis in¬ 
volving the third trunk of the brachial plexus. 

Plombage has proved itself a desirable operation in the treatment of pul¬ 
monary tuberculosis, both for primary collapse therapy and as a space-fiHmg 
device folloAving resections. While the final evaluation of a foreign subslanco 
cannot be determined by four years’ observation, the Ivalon sponge appeals 
to be a satisfactory material Avith an acceptably low incidence of comp ica i 

ADDENDUM 

Tlicrc have bcon no fnrfhor complications due to tlto implanted sponges to ( 

20, J957.) 
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PLOMBAGE IN THE SUEGICAL TEEATMENT OP PULMONAEY 

TUBEECULOSIS 

A Study of 400 Cases 

Henri Joey, M.D.,®' Pierre Tulou, M.D., P.C.C.P.,*^' Jacques Tiret, 

AND Jean Villemin, 

Haute-Savoie, Prance 

T he purpose of this Avork is to show the advantages and disadArantages of 
the use of methylmethacrylate (Lueite) balls in the surgical treatment of 
pulmonary tuberculosis, with special consideration of the long-term tolerance 
to such a prosthesis. This Avill be an opportunity to state our position as to the 
present indications for sui'gieal collapse therapy vs. lung resection. 

We present the results of the first 400 operations in which one of us 
(H. J.) used a prosthesis. There Avere 345 lung collapses and 55 resections 
performed betAveen January, 1950, and May, 1955. We excluded from the 
study the eases in Avhich the balls Avere deliberately remoAmd Avithin a fcAv 
Aveeks after the operation, for example, AA'hen they Avere inserted during a 
first-stage thoracoplasty and removed at the second stage. 

We used holloAv spheres, 2.8 cm. in diameter, made of pure methyl¬ 
methacrylate Avithout the addition of any other plastic material. They can 
be sterilized in boiling Ai^ater Avithoiit alteration in shape. 

A spongy material, Ivalon, did not prove satisfactory. The sponges ab¬ 
sorbed bloodj’’ fluid, their Aveight increased up to ten times, and fever and 
pain Avere observed during the postoperathm course. 

A material molded and coated Avith Polystan Avas discarded because of its 
heaA’-y AAmight and its stiffness, Avhieh made it hard to position and dangerous 
to neighboring structures. 


SURGICAL collapse AAUTH PLOAIBAGE 


Our 345 cases of collapse AAuth permanent prosthesis include 107 one-stage 
thoracoplasties, 75 multistaged thoracoplasties, 157 extramusculoperiosteal 
pneumolyses (“bird-cage” of Lucas and Clcland®), and 6 cases of reAUsional 
surgery. Table I compares these different types of collapse therapy with 
permanent plombage ovez' a period of six years. 

1. Technical Details.—In. one-stage thoracoplasties, some ribs are resected, others 
are simply ruginated. One tries to obtain a .satisfactory^ collapse tvith as econonnea a 
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rib resection us possible. In most of our ensos, the po».ierior «rc of the foiirtb rib, t)ic pos* 
tcrior an«l lateral aspects of the third riti, and the greater part of the second rib were 
resected, plus ti costovertebral disarticulation. Then the lateral l)orilcr ami the inforior 
face of the first rib wore ruminated. In some cases, the posterior arc of the fourth rib 
was ruginated but not resecte<U The intereo»*tnl muscles wore cut at the level of the 
lateral border of the paravertebral muscles but were not severed from tlie lateral aspect 
of the pleura, and their vessels were carefully proerved to nmintain a good blood supply 
to the muscles and to the pleura. One may lower the apex slightly by blunt dissection 
with ft sumll sponge on a clamp but sbould avoid a too extensive liberation of the lung 
on its mediastinal aspect. Thus, the space for the prosthesis is limiicd above by the im 
ferior face of the first rib which sepanitcH it from the vessels und nerves of the base of 
tho neck, and medially and below by the intercostal nwisoles and periosteal beds which 
protect tho mediastinum and the lung. The space is loosely fiUod with Lueite balls, vary¬ 
ing from eight to twelve In number, according to the volume of the space. Such a 
thoracoplasty collapses tlie upper third of the lung. We use it for mall apical lesions 
with cavitation. 

Jlultistagc tkoi’acopiftstics with permniipnt ])loi)il)agc wei'c used from 10r>0 
to 1953, inclusive, following wliicli cxtranniscnlopDriostcnl coliaijso was pre¬ 
ferred, beeanse thoracoplasties of six ribs or more required several opera¬ 
tions, involved the base of the lung, and impaired respirntorj- function. 

Extramuseuloperiosteal pneumolyses have always been followed by plom- 
bage. Eibs were neither cut iior removed, but niginated, usmlly five to seven 
of them, the liberation being pushed far forward at the level of the upper 
ribs. Care was taken, as in thoracoplasties with ploml)agc, to preserve a 
continuous wall of intercostal innseles and periosteal beds protecting the 
mediastinum and the lung. The lateral wall of the space is rigid, being com¬ 
posed of the bare ribs. The volume of tlic ploinbage should bo such that it would 
collapse the diseased lung completely and prevent any re-expansion of the 
lung along the mediastinum. It should exert no pressure upon the mediastinal 
vessels. The usual number of balls inserted is from twenty to thirty. Such an 
operation collapses at least one half of the Inng and does not interfere with 
the fnnetion of the base. It is used in the treatment of eavitaiy lesions re¬ 
quiring an extensive collapse. 
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regained the pretreatment leukocyte IcA'cl within 20 minutes. Although dif¬ 
ferential leukocyte counts were not obtained in all animals at the 30-niinute 
period after replacement, it was evident that this rapid replenishment of blood 
leukocjdes in the normal rat Avas aeco)nplished by both granulocytes and 
lymphocytes, so that the absolute levels of the 2 cell types had returned to the 
base-line level. Even at the end of the obseiwation period there Avas little 
change in the leukocyte pattern. 

In the animals that Avere acutely splenectomized (splenectomy Avithin 10 
minutes before the start of the replacement transfusion) the results Avere 
similar to those of the normal animals. HoAA'eA'er, the rccoAmry of the leuko¬ 
cyte count Avas more delayed and the granulocyte level Avas increased at the 
end of the obseiwation period. The sham-operated control group for the 
acute splenectomy series shoAved prompt return of the Avhite cell count to 
aboAm base-line leAmls. 

The chronic splenectomized group (splenectomy 3 to 5 days before study) 
had a marked leukocidosis at the beginning of the study, consisting of absolute 
increases in both granulocytes and lymphocytes. In these animals replace¬ 
ment transfusion effected a marked decrease in leukocyte level, Avith return of 
the count only to normal levels during the observation period. The cells return¬ 
ing to the circulation consisted of both granulocjdes and IjTuphoejdes in a pro¬ 
portion approximating their initial ratios. 

The leukocyte count of the leukemic rats also fell precipitously during re¬ 
placement transfusion. There Avas an immediate return of cells into the 
circulation (22,000/e.mm. Avithin 10 minutes), but later the increase Avas more 
gradual. The original leukocyte IcA’el Avas much higher than that obtained 
at the end of the 90-minute obseiwation time folloAving leukocjde removal. 

B. Inter mitt ent (20 311.) Replacement Transfusions .—The same experi¬ 
mental groups of animals (except for the sham-operated controls) Avere 
studied during 3 20 znl. replacement transfusions 30 minutes apart. This vol¬ 
ume of blood represents about 80 per cent blood replacement. The mean 
leukocyte responses are plotted in Fig. 3. The replacement transfusions 
(depicted by the dotted areas) caused a prompt faU in leukocyte count of the 
normal animals each time, but during the 30-minute recovery period the 
counts returned to near base-line levels. During recovery, both granulocytes 
and lymphocytes Avere returned to the circulation in normal numbers. The 
mean counts in the last point on the chart are derived from only 3 of the 4 
animals in the group, but it seems evident that only moderate granulocytosis 
occurred at the end of the experiment. 90 uAinutcs after the last replacement 
transfusion. 

The acutely splenectomized animals again exhibited less rapid recoA’^ery 
of the arterial leukocyte levels after replacement transfusion. Each replace¬ 
ment transfusion, therefore, depressed the AA^hite cell coimt progressively. 
The experiments failed to demonstrate a predominance of either lymphoid 
or granulocytic elements replenishing the circulation. 
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The .mim.ils that Iiad lucii sploiintoim/cd foi 3 to "> da>s letineitd onh 
to .1 inimmal e\t(nt aftLi the iiplaummt tiaiisfusioiis and their initml leu 
kiuitosis uas decriasid m ‘.tipwi'-t fashion hj the 3 ropl lecment trails 
fusions As in the pietious studies, althoiifth Jiostsiilcncctoiin "1011111001 tosis 
Mas eiidmt 111 the initial (oiiiits, both tell tMits paiticipattd 111 the leukocyte 
KCintrj periods 

Of the G leukeinit animals studied, 4 had Uiikoeitc counts below 100,000 
per cubit millimeter, and 2 had lerj high Icukocjte counts The mean \ allies 
of all () animals, as plotted 111 Tig 3 rtical a shaip deerease in count with 
each leplaecmcnt and poor rtcoietj bttwttn piotediires It is of interest 
that the 2 leukeuue aiumals with the icij high leukocjte counts e\hiluted 
greatei percentagt fall with replactmtnt and poorer peitentage ittoitii thin 
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the animals with the lowei total Icukoeite counts These 2 rats had counts 
of 453,000 and 262,500 per cnbie millimeter at the beginning of the c\peiimcnt, 
and fell to 44,500 and 27,500 per cubic millimeter, respectively, after the last 
leplacement, with lerj little change dining the final 90 minute observation 
penod 

In all t 3 'pes of cspeiiments hukocite counts weic perfonned on the 
pooled blood obtained fiom the animals dining leplieement transfusion The 
count of this blood was always appro-vimately the mean of the count before 
and aftei leplaecment It was eiident, therefore, that 1 eductions 111 leuko 
eyte counts were entiielj due to leukocjte remoial, and did not icpicsent 
sequcstiation of leukocj tes w ithin the animal 
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from the bone marrow. However, the bone marrow is rich in capillary net¬ 
work and this network maj' serve as a reservoir of varying importance in 
different animal species. The lenkopheresis procedure of Craddock induced a 
lymphopenia presumably due to stress of the procedure rather than to lympho¬ 
cyte removal, so that his studies actually were concerned only with granulo- 
cjdie replacement. The marked leukopenia persisting for 2 to 3 hours that 
was mduced by leukopheresis may represent either species difference or dif¬ 
ferences due to the techniques emplojmd. Certainly, the studies of the dog 
yield little data on the readilj' available pool of lymphocytes, yet Osgood’s 
observations^ suggest that the store of mature lymphocytes in man is vast. 

SUJIJIARY 

1. Leukocyte removal was accomplished in rats by replacement trans¬ 
fusion of normal, spleneetomized, and leukemic animals by normal rat blood 
rendered leukopenic l)y mechanical removal of leukocytes. 

2. The normal rat mobilized leukocsdes rapidly, so that severe leuko¬ 
penia did not develop during the period of replacement transfusion and re¬ 
covery to normal leukocyte levels occurred within 30 minutes. 

3. Spleneetomized rats, whether splenectomy was performed immedi¬ 
ately before or 3 to 5 days before replacement transfusion, did not mobilize 
leukocytes as rapidly as the normal animal. It was evident that these animals 
had available leukocyte stores, however, since severe leukopenia was not in¬ 
duced. 

4. Rats with Shay granulocytic chlovoleukemia also had available leuko¬ 
cyte reserves, but marked decrease in leukocyte count was obtained by re¬ 
placement transfusion. It was evident that the available leukocyte reserves 
in these animals were not increased in proportion to the circulating leukocjde 
level. 

5. In all experiments the leukocytes mobilized as a result of sudden leuko¬ 
cyte removal were mature and of the same cell type as in the circulation of 
the animals. This suggested that the leukocyte reserves of the rat consist 
of a premixed population of granulocytes and lymphocytes, rather than indi¬ 
vidual granulocytic and lymphocytic storage depots. 

6. It was suggested that the immediately available leukocyte reserves 
of the rat consist of both granuloejdes and lymphocytes stored within vascu¬ 
lar channels and that the splenic vascular bed constitutes only one portion of 
that leukocyte “pool.” 
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A STUDY OF TUK I'DASJtA TIIROJIBIN TIIIU 
UoDKitT T. S. Aim, jr.D.* 

St. Louis, Ifo, 

IXTBOnUCTJO.V 

T he conveisioii of fibrinof'cii to fibrin constitutes tbc tliircl or final stage of 
blood coagulation This cotivci'sion may be accomplisbod by the addition of 
thrombin to tilasma in vitro The time required for the formation of a plasma 
fibrin clot upon tbc addition of tlirombin is defined as tbc plasma thrombin time. 
Prolongation of the plasma thrombin lime has been leportcd in many diseases, 
including cirrhosis, metastatic caeinoma to tbc liver, multiple myeloma, severe 
pre-eclampsia, eclampsia, timniotie fluid embolism, disseminated lupus erythema¬ 
tosus, malabsorption syndrome, tValdcnslrom'.s macroglobulinemia, and in the 
neivborn.''‘° However, the basic mcclmnisnis underlying the prolonged plasma 
thrombin time are not well understood. The eonversion of purified preparations 
of fibrinogen to fibrin by tiiromhin is influenced b.v the tem])ernture, pH, caleium 
concentration, and colloidal state of the .substrate,” Platelet extracts (platelet 
factor 2) have been shown to accelerate tbc interaction of purified preparations 
of fibrinogen and thrombin.'” The thrombin time of normal heparinized plasma 
increases upon .storage, presumably due to increased bciiarinoid activity” and 
may be shortened by the addition of scrum or plasma pscudoglobulin.” In¬ 
crease in plasma antithrondiin ma.v be a contributing factor. Pronounced plasma 
hypofibrinogenemia appears to be an infrequent cause for a delayed thrombin 
time. The abnormal plasma jiroleins in multiple myeloma may occasionally 
interfere with or inhibit the convcision of fibrinogen to fibrin.'’ ' Fibrinogen 
itself may he qualitativelj' abnormal and less reactive to the clotting action of 
thrombin.Deficiency of a plasma factor which accelerates the conver¬ 
sion of fibrinogen to fibrin has been recently postulated.' 

Because the mechanisms responsible for prolongation of the plasma tluombin 
lime are not completely understood, a stud.v of the plasma thrombin time uas 
carried out in a variety of diseases. The prolonged plasma thrombin times in 
this .study were found to be due to a dcfieienc.v of plasma “albumin,” elevation 
of the plasma fibrinogen level, and, in rare instances, circulating anticoagulants 

JIATEnrALS AND JinTHODS 

Techniques employed for the routine coagulation studies lm\e been published elsenhcre.® 
Whole blood nns nnticoaguhtcd >\Ith 0 t JE *iOdium oxalate (1 part oxalate to 9 parts blood) 
or i\ith dried balanced oxalate. Plasma ^\ns dcfibrinated ivith bo\ine tlirombinf and allowed 
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to stand several hours before use. The subsequent addition of bovine fibrinogen to this plasma 
failed to induce a clot. Bovine thrombin was dissolved in veronal bufferc and stored frozen 
in small aliquots or kept at 4° C. in 50 per cent glycerol. Bovine fibrinogen* was dissolved 
in saline and used fresh. Fibrinogen concentrations were determined by the method of 
Batnoff (normal range, 164 to 415 mg. per cent).is Normal or the patient’s serum was de¬ 
calcified with 0.1 M sodium oxalate (1 part oxalate to 9 parts serum). 

Plasma Thromhin Time. —The plasma thrombin time was performed by determining 
the time necessary for the coagulation of 0.4 ml. plasma (anticoagulant; dried balanced 
oxalate) after 0.1 ml. thrombin (frozen, 3.3 /i/ml.) was added. 

Antithrombin Activity. —Antithrombin activity was determined by measuring the ability 
of 24-hour-old serum (kept in sterile glass tubes at 37° C.) to inactivate a standard quantity 
of thrombin. 

Isolation of Fibrinogen. —Fibrinogen was isolated from plasma by precipitation in phos¬ 
phate bufEerio or by the freeze-thaw teehnique .20 The absorption of plasma with Al(OH )3 
was omitted prior to the phosphate buffer precipitation and the final fibrinogen product was 
dialyzed for 8 hours. Fibrinogen obtained from 6 ml. of plasma by the freeze-thaiv tech¬ 
nique was washed 3 times with cold saline and reconstituted in 2 ml. saline. 

Ammonium Sulfate Fractionation. —^Normal defibrinated plasma! or decalcified serum, 
both absorbed with barium sulfate, was dialyzed for 48 hours at 4° C. against 33 per cent, 
then 60 per cent saturated ammonium sulfate solutions. The precipitates were separation by 
centrifugation, washed 4 times with the respective ammonium sulfate solutions, reconstituted 
in saline to their original volumes and dialyzed against saline at 4° C. for 48 hours. The 
supernatants of the 60 per cent ammonium sulfate precipitates were dialyzed against saline 
in a similar manner. 

Viscosity Index. —^All viscosity studies were carried out in an Ostwald viscosimeter. 
The plasma viscosity was determined on a 10 ml. sample (anticoagulant: dried balanced 
oxalate) at 27.5° C.; the -riscosity, compared to 10 ml. distilled water, was expressed as the 
"viscosity index.’’ 

RESULTS 

A total of 88 patients were studied. The nuijority of patients were selected 
at random; however, toward the latter part of the stitdy patients were selected 
with hypoalbttminemia. 

Plasma Thrombin Time .—The normal plasnia thrombin times ranged from 
26 to 32 seconds. Prolonged plasma thrombin times were found in nearly all 
of the diseases studied, including 2 patients in late pregnancy and in 3 out of 
4 newborns. Included in the study were hepatocellular liver diseases of many 
etiologies, acute and chronic leukemias, malignant Ijmiphomas, malignancies, 
infections, multiple myeloma, collagen diseases, granulomas, metabolic disorders, 
malnutrition, and renal diseases. The thrombiii times were usually increased 
from IV 2 fo 2 times over the normal control, but were occasionally prolonged 
more than 3 to 4 times. Normal thrombin time-s were encountered in a few pa¬ 
tients. No correlation was noted between the thrombin time, platelet count, 
whole blood clotting time, or plasma prothrombin time. 

Fibrinogen Concentraiion .—The fibrinogen concentrations of the patients 
ranged from 220 to 1,178 mg. per cent. Over lialf of the patients exhibited 
moderately elevated fibrinogen concentrations. Normal fibrinogen concentra¬ 
tions wei’c found in the ])lasmas of the newborn and slightly elevated levels were 
obtained on women late in pregnancy. In no instance was hypofibi’iTiogenemia 

•The Armour Laboratorie.^. Chicago. Illinois. 

tFibrinogen was removed from plasma by the addition of tlirombin. 
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ol)sci\ed AltIiou*;Ii n wide of pi isiin tliiombm times "was foitnd at am 

one lil)i ino^Tii comentiation, an im leisc m plasm i thiombm times could be coi 
iclatcd lou'^dih uitli incu isc in bbiinotrcn comentiation (Pbg 1) Mam 
plasma tbionibin times wcic pioloni^cd in tlic pusence ol noimal fibrinogen 
conccntiations, but at no time \\cic noinuil thiombm times obser\ed in tlie pres 
cnee of elevated fibimogen Ic\els 
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Fig 1—-Tlie relationship of tfio pinsma thrombin time to Abrinogen concentration Mith 
Increasing pK«ina fibrinogen concentration there Is a tendencj lo^anl a correspondmg rise 
In plasma thrombin time (r s= 0 SO p < 0 01) 


Aniithromhin Actiiit»j —Essentially noimal antithrombm actnitj ))as 
found in most of the seia examined, but some exhibited moderate incieases 01 
decreases (Fig 2) Tmo seia with incicascd antithrombm actiMtj were from 
patients recening Dicuinaiol The plasmas of patients with increased anti 
tliiombiu actnit> did not demonstrate greater piolongation of their thrombin 
times than the plasmas of patients associated with normal antithrombm actnit) 
In the piesencc of decreased antitlirombm activity tlie plasma tluombm times 
were still piolonged 

Plasma Viscosity —Incieased plasma \iscositx was found m man\ of the 
patients studied and coirelatcd better with ele\ation of the fibimogen than with 
the plasma globulin Ie\el In the majority of plasmas the mciease in \iscosit\ 
was associated with elc\ation of both the plasma fibrinogen and globulin, but m 
a few, with eithei hjperfibimogcnemia or hjperglobulmemia alone Normal 01 
onlj sliglitlj increased fibimogen or globulin concentrations weie found m 
plasmas with normal viscosities In no instance was elevation of the plasma 
viscositj associated with both normal fibimogen and globulin concentiations In 
geneial, the plasma viscositj obseived in diseases otliei than multiple mjeloma 
was slighth to moderately elevated, while moie pionoimced incieases m viscosity 
were found m multiple myeloma and in a patient with Ivmpliosaicoma, m the 
lattei instances, the abnormal globulins demonstiated m the plasma were chai 
aeterwed bv naiiow, tall, shaip gamma, “M” 01 beta globulin peaks on electio 
phoresis 
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A wide range of plasma thrombin times M’as foiuid at any one viscosity 
index. Althongh a correlation was suggested between the slight to moderate 
increase in plasma viscosity and prolongation of the thrombin time (Fig. 3), 
extreme increases in plasma viscosities observed in patients vdth multiple mye¬ 
loma and in the patient with lymphosarcoma were not accompanied by propor¬ 
tional increases in the thrombin times. tManj'- plasmas with prolonged thrombin 



INCUBATION OF THROMBIN - MINUTES 

Fig. 2.—Antithrombin activity. 0.8 mi. thrombin (G.G (x/mi.) was incubated with 0 8 mi 
of tile patient’s serum and, at the intervals indicated. 0.4 ml. of tlie mixture was withdrawn 
and added to 0.2 mi. bovine dbrinogen (300 mg. per cent) and the clotting time was then 
determined. XTormal antithrombin activity is present in the majority of sera with few 
demonstrating increased or decreased activity. 

times were found to have normal viscosities, yet their thrombin times were im¬ 
proved by the addition of normal defibrinated plasma. Normal plasma thrombin 
limes were not observed in the presence of abnormally high plasma viscosities. 
Normal plasma viscosities were found in the 2 patients in late pregnancy and 
in the 4 newborns. 

In vitro, a correlation between increasing viscosit.v and prolongation of the 
clotting of fibrinogen by thrombin could be demonstrated by the addition of 
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poI}\iinIi)\nolulone oi iiieieasinj; toiiccntiations of isolated boMiic oi human 
hhimoscu (Fij: 4, to ( ) In a patient with multiple m^cloma, a leduction 
in (enij)cratuio icsnlticl in m,uki.d incicasc in the plasma \iscositi and eoire 
s])ondinfr ineieasc in the plasma thiombiii time of ‘rieatci def,uee tluiii that ob 
soiled in tlic noim il enntiol jilasnia (Tijr 4, D) 

Demonstratwn of Xottnal ( 1ottin<i licuctn liij of ihc Isolated Fihnnoqcn — 
ribnnof,^en isolated liom pathologic jilasnias iiilli piolonjied tlironibin times 
(lotted as icidih as tliat obtained fiom noinial iilnsmns upon the addition of 
thionilnn (Pi*; 5) \s the conccntiation of the jiaticnt s oi noimal isolated 
fibiinogcn incicased, tlieie iias a gradual piolongation of the clotting time of 
tlic fibrinogen b\ thiombin mth dccicasnig conccntiation of the isolated 
fibiinogcn below a 100 mg pci cent, a iiioic abiuiit incieasc m clotting time of 
the /ibiinogons hi fbionibin icsultcd The /ibunogen fioni an occasional plasma 
failed to jiiecipitatc out in the ficczclhaw motliod Qunlitatiic abnoinialities 
could not be c\clndod ni tlic fibiinogens of these patients The isolated fibiino 
gen of onlv one of the foui jilasmas fiom ncwboins was studied and found to 
be normal (the tluomhin time of this new bom plasma was noraial) 


,(901 


(II4» 


SO* 

I 

I 70- 

I 

jeo- 

r 50 
i 

: 40' 

t 

i 30 
\ 

20 


X>NerR<al 

• •PoUtnfi Plttma * 

Ploimo vith Abnormal P4f«((0>t a «n Ct(elr«»>i4re>i» 

Pl4im4 <iith Atnormoi P««apr«l( a oa £U«trephBrrtiS 
<9<MTflorn4 Platna « th Non tpteiOe P«lt<rA oa Cltetf4phef*>l» 


1500 1600 1700 1800 1 900 2 000 2100 2 200 2 300 2 400 

VISCOSITY INDEX ^ 


37121722 


pjg- 3_The relotlonsliip of pHsnt i thrombin time and plasma viscosity A correlation 

Is suggested between the plasma tlirombin time and slight increases in plasma viscosity How 
e\er extreme ele\ation In ^Isco«»^t5 Is not accompmie I bj proportional rise In thrombin time 
No o\er all coirelatl n was fun I Ittwten tie plasma tl rombln time and ^iscoaItv on sta 
tlstical Tinli»»is 


Failure of Normal Platelet Suspensions to Coiicct the Prolonged Plasma 
Thiomhin Tune —The addition of noimal platelet suspensions to the patient’s 
plasma in equal volumes failed to concct the prolonged tlirombin time of the 
latter 




CONCENTRATION of BOVINE FIBRINOGEN-MGS % 




TEMPERATURE-DEGREES CENTIGRADE 

Fiff. 4.—influence of increasing viscosity on the bovine fibrinogen and plasma throm¬ 
bin times. A, The effect of increasing concentration of polyvinylpyrrolidone (PVF) on the 
viscosity and clotting time of a P\rP-bovine fibrinogen mixture. To 0.2 ml. bovine fibrinogen 
(300 0»2 ml. PVP dissolved in distilled water in the concentration indicated. 

0.1 ml. thromb^ (G.6 /x/ml.) was added. The viscosity of 5 ml. of the mixture M’as determined 
at 25* C. of increasing concentration of bovine fibrinogen on the viscosity and 

thrombin clotting time. The 0.4 ml. bovine fibrinogen dissolved in saline in the concentration 
indicated, 0.1 mh thrombin was added as above. Viscosity was determined as in A. C, The 
effect of increasing concentration of human fibrinogen on the xdscosity and thrombin clotting 
time. Human fibrinogen was isolated from normal plasma by the freeze-thaw technique and 
studied in similar manner as B, D. The effect of decreasing temperature on the plasma 
Uirombln time and viscosity in a patient with myeloma. 
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of Dilution of Dto\mtt on the Violuiitjid llitombin Time _Progics 

si\e scnal iIilutiiHi of llio i)l,isni is willi saline to 1 (i4 gciieialP led to a giadual 
pioIoiig.it 1011 ol tlie iil.isin.i tliiondiin times (I’lg (ij A tiaiisieiit slioiteniiig of 
tlie tliioiiiliiii time was assoiiated nitli the plasmas cxliibitiiig higher tihiinogen 
leitlb wliile the dilution hums ol phismas with mole noimal hbunogen leiels 
iicie similni to tlie diliitiun nines ol the noimal toiitiol plasmas This phe 
nomenon toiild he leiiiodueed in \itio In saniiig the fibiiiiogen leiel of the 
plasma to he diluted Noimal dehhnnated plasma to which was .added hoiiiie 
hhimogen to a loiiccntiatioii ot 2,000 nig pel eent showed tiansieut shoitening 
ot the thiomhiii time on dilution with saline A hoiine fibiinogen leiel of 200 
mg jiei cent in the noimal defihiin.itcd plasma resulted in a mote noi-mal tj-pc 
ot dilution enne In one patient with lai adianeed cirihosis, niaiked shoitcn 
ing ol the piolonged plasma thromhin time oecuned upon dilution of Ins plasma 
dcsinte oiilj slight delation ot the hhimogen Iciel (492 ing per cent) (Pig 6) 
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Fie 5 —Demon«tntion of normai clotting rcactlNnt> of the isolated flbrlriogen To 0 4 
ml of tne Isolated fibrinogen dNsolved in saline 0 1 ml thrombin (1 1 ;4/ml ) ^vas added and 
the clotting time determined The fibrinogens obtained from pathologic plasmas clotted as 
readily as those obtained from normal plasmas 

In this patient, the jilasma formed a jclljlike clot ujion the addition of thiombin, 
the plasma iiscositi was slightlj increased (iiseositj index 2 514), the anti 
thrombin actiiitj decreased, serum globulin elevated (6 2 Gm per cent), and the 
whole blood clotting time prolonged The addition of 1 pait of the patient’s 
plasma to 9 parts of noi-mal plasma resulted in pi elongation of the thrombin 
time of the lattci A circulating anticoagulant was felt to be piesent in this 
patient inliibitmg the comersion of fibrinogen to fibrin 

The Corrective Effect of Normal Whole or Befibnnated Plasma or Serum 
on the Prolonged Plasma Thrombin Time — 

The addition of noimal uhole or defibi mated plasma The addition of 1 
pait of the patients whole oi defibiinated plasma to 9 parts of noimal plasma 
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did not significantly prolong tlie tlirombin time of normal plasma over tliat pin- 
duced bj’ the addition of saline. One part of normal whole plasma consistent]}" 
improved the prolonged plasma thrombin time of 9 parts of the patient’s plasma. 

The addition of normal defibrinated plasma in equal or one-tenth the volume 
amoimts to the patient’s plasma resulted in significant reduction in the prolonged 
thrombin time in almost all of the plasmas studied, irrespective of the disease 



Fig^. G.—Effect of dilution on the piolonged plasma thrombin time. To 0.4 ml. of the 
patient’s plasma (anticoagulant: 0.1 M sodium oxalate) serially diluted with saline to 1:64, 
0.1 ml. thrombin (6.6 M/ml.) ■was added and the clotting time determined. The number to the 
rJgJit of each cun.’e represents the fibrinogen concentration of the undiluted plasma. The 
plasma with the circulating anticoagulant is indicated in the broken line. 


]n-oeess (Fig. 7). The effect was more pronovinced when equal volumes of nor¬ 
mal defibrinated plasma were employed. In most instances the abnormal throm¬ 
bin time did not quite return to normal, although some plasmas with onl}" slight 
prolongation of the thrombin times returned completel}' to nomial. In con¬ 
trast the addition of an equal volume of saline resulted in further increase in 
the majority of the samples. The mixture of equal amounts of (a) two abnor¬ 
mal whole plasmas wth prolonged thrombin times, (b) one abnormal plasma 
defibrinated and another wliole plasma with a prolonged thrombin time, or (c) 
a palliologie plasma defibrinated and its own whole plasma failed to correct each 
other, although all were shortened separately by the addition of normal defibri¬ 
nated plasma. Normal plasma defibrinated by heating at 56° C. for 3 minutes 
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still luisstsscd coiicctnc tHett The j)ioloii{:cd tliiomlmi times of 2 of the 3 
iiculioin ( 01(1 jihismiis tteic not shoiteiied h\ the addition ot eijiial amounts oi 
iioinial dcfiliimated plasma, but in the thud ncuhoin tlicie was impioiemeiit 
The slif^lith jiiolonpcd plasma tliioinhin tunes in late picttiiaiici weie iioimalized 
In the addition ol iioinial dcfiliimated plasma 

The ndeJxhou of iioroinl !,cnnn Notmal scitim m ctpial oi one tenth the 
tolmiie amoimts piodiiccd even gicatei shotlcmiiK than comparable (piantities 
of noinial delibimatcd plasma, ictniiimp: main of the abnoimal tliiombin times 
to noimal (I'lg 7) The acceleiatmg efteet of seiiim was paitialh dimimshcd 
In iiieoiiipletc decalcification with sodium oxalate (1 pait oxalate to 9 paits 
seiiini) Aftci decalcification, the aeecleiating eflect ot sciiim appioxiiiiatcd 
tint of noinial defibrinatod plasma Normal seiitm piodticcd a slight shoiten 
mg ol the noinial plasma tliiombm time, but the effect could be eliminated In 
decalcification Decalcified sera obtained fiom patients with piolonged plasma 
thrombin times exhibited little oi no aceeleiating effect on plasmas with pio 
longed tlirombm times 



Fie "—The correctl\€ effect of norm'll deflbrlnoted pHsma and serum on the prolonged 
plasma thrombin time The values Indfc'itcd rcpre<:cnteU the average of 26 patients studied 
The various reagents indicated along the nb«icls>«i were atldcd to the patients plasma in equal 
or one tenth the volume amounts To 0 4 ml of the mixture or patients plasma 01 ml 
thrombin (3 3 ^/ml ) was added and the clotting time determined The normal control throm 
bln time ranged from 20 to 32 secon Is 

Phymochemical study of the accetciatoi under vn e-^tiyntion The aceeleia 
toi effect in noinial defibimated plasma or seium was not decreased be diahsis 
barium sulfate absorption, freezing, piioi remocal of platelets fioin plasma In 
centrifugation, factoi V depletion (by heating at 37° C foi 24 hours), oi 
Diciimarol administration Of the 2 newborn cord plasmas studied both showed 
no reduction in the acceleratoi effect 

The thiombin time of normal whole plasma was not influenced bx barium 
sulfate absorption, dialjsis, removal of platelets bj centiifugation, clotting in 
glass or siliconized tubes, oi bj Dieumarol administration The addition of an 
equal volume of normal defibrinated plasma to whole noimal plasma did not 
shorten the thrombin time of the latter, the result excludes the possible aetna 
tion in noimal plasma of an acceleratoi substance bj thiombm Mixtures of 
equal volumes of normal plasmas gave values no shoiter than each tested sepa 
ratelj, therebj excluding the possibilitj of nonspecific acceleration of the thiom 
bin time due to mixtures of foreign plasmas 
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Plasmas from patients deficient in antihemophilic globulin, plasma thrombo¬ 
plastin component, plasma thromboplastin antecedent, Hageman trait, and from 
a patient with agammaglobulinemia exhibited normal thrombin times and no 
reduction in the accelerator effect when tested on pathological plasmas with 
delayed thrombin times. 

Heat Stability .—The thrombin time of normal or pathologic plasmas in¬ 
creased only slightly when the plasma stood at room temperature for 9 hours. 
Normal sterile plasmas incubated in glass tubes at 37° C. displayed a gradual 
moderate increase in thrombin times after many days' storage. The accelerator 
effect was still demonstrable in normal plasma after storage at 37° C. for 77 
days and in normal decalcified serum kept at 4° C. for 56 days. Heating normal 
defibrinated, barium sulfate-treated plasma or decalcified serum at 60° C. for up 
to 60 minutes resulted in gradual loss of activity wlien tested on the pathologic 
plasmas; the heated normal defibrinated plasma when added to normal plasma 
in equal amounts actually resulted in increase in the thrombin time of the latter. 

Amvwnhim Stdfute Fractionation .—Normal defibrinated plasma and de¬ 
calcified serum, both absorbed with barium sulfate, v'ere subjected to ammonium 
sulfate fractionation. The 0 to 33 per cent ammonium sulfate precipitates ob¬ 
tained from plasma or serum demonstrated no accelerator effect, the 33 to 60 
per cent precipitates revealed slight accelerator effect, and the supernatant of 
the 33 to 60 per cent precipitates showed maximal accelerator effect. None of 
the plasma or serum ammonium sulfate precipitates contained significant throm¬ 
bin activity. Thrombin added to these precipitates produced no fibrin clots. 
On paper electrophoresis the 0 to 33 per cent precipitates contained gamma 
globulin only; the 33 to GO per cent precipitates, mainly gamma, beta, and alpha 
globulins with 6.9 to 8.5 per cent albumin; the supernatant of the 33 to 60 per 
cent pi’ccipitates had approximately 84 to 94 per cent albumin with small 
amounts of alpha and beta globulins. 

Plasma from a patient with cirrhosis and a moderately prolonged plasma 
thrombin time was similarly subjected to ammonium sulfate fractionation. No 
accelerator effect was found in the 0 to 33 per cent and 33 to 60 per cent pre¬ 
cipitates, and markedly diminished accelerator effect in the supernatant of the 
33 to 60 per cent precipitate. On paper electrophoresis, similar electrophoretic 
components were found in the various ammonium sulfate precipitates and super¬ 
natant, with an increase in all the globulin fractions and a marked decrease in 
the albumin fraction. 

The supernatant of the 33 to 60 per cent ammonium sulfate precipitates of 
normal plasma and scrum exhibited moderate loss of activity after they were 
heated at 60° C. for 30 minutes. 

Plasmas from one patient with disseminated lupus erythematosus and from 
one with inalnutrition (sciuun albumin 1.6 and 1.7 Gm, per cent, respectively) 
were sui)jccted to similar barium sulfate absorption and ammonium sulfate frac¬ 
tionation. The supernatants of the 60 per cent precipitates, containing mainly 
albumin, were lyophilized and reconstituted in smaller volumes of saline ap¬ 
proximating the albumin concentration of the normal control (serum albumin 
4.3 Gm. per cent). The concentrated albumin preparations from the patients 
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c\Iiibite(l some aetclcintoi eftect but to a lossci degice than the noimal contiol 
allmmin Althougii concenti.ition of the albumin liad been achie\ed, the effect 
^\as partiji abolished 1)\ the concomitant incieasc in antithiombin actnitj in 
the albumin prepaiation 

Cn1in*s Plasma Piadton^i* —Cohns plasma fiactions neic dissohed in 
saline in 3 Gm i»ci tent (oncentiation and added to the jiathologic plasmas in 
equal \olumcs The accelcratoi effect ^\as found mainl\ in fraction V Mith 
slight actuit^ m traction IV-J No activity ^w^s touiul m fractions I, II, HI, 
iV-I, and IV r -Ictuafh, frictions [, If, and III dcmoiistiated an inhibiton 
effect on tlic thnnnlnn time of the pathological jilasinas On papei electro 
plioicsis, fiaction V contained almost 100 pci cent albumin, fiaction IV 4, 33 
pel cent albnmm \\itli smaller amounts ol aljiha, beta, and gamma globuIiiLs 
and fiaction IV 1 onh tiacc amounts of albumin ^\ltll laigci amounts of alpha, 
beta, and gamma globulins Albumin was not piesent m detcctalile amounts m 
the lemaining Colin fractions 

Elccirophotelic Srparaiton of Normal Plasma and Scrum ~-B\ the tceh 
nique of paper clcetiophoietic scpaiation, the accelcratoi effect m noimal de 
ffbnnated, bainini sulfate treated plasma and noimnl decalcified serum was 
localized mauils m the albumui component with slight accelcratoi effect notice 
able in the alpha 1 and gamma 1 globulins 

The Accclcrafot Effect of Transfused Nonnal ^^hoh Blood in Viio —The 
infusion of one unit of noimal whole blood (17 da>s old, kept at 4® C) to a 
jiatient with aplastic anemia and Inpoalbuminemia lesultcd in significant im 
proiemcnt in the piolongcd plasma thrombin time o\or a period of 4 dajs diir 
mg which obseriations were made 

The Effect of Commcicial Gamma Glohnhn, Bonne n7id Human AZhwmin, 
oiicZ Acacia on the Plawia Thiomhin Time — 

Gamma glohuhn Gamma globulin (immune luinian globulin) in 1 Gm per 
cent concentiation displaced no acccleiatoi effect on the prolonged plasma 
thiombin time m \itio 

A?6«mi«. Bo\inef or human albumin in 4 25 Gm pei cent concentrations 
demonstrated c^en more marked accelerator effect than normal defibrinated 
plasma in \itio Tlie effect was not reduced b^ decalcification with oxalate, but 
diminished to a slight extent when the pieparations were heated at 60° C for 
30 minufes The infusion of lOO ml of a 25 jwr cent concentiation human salt 
poor albiiminj into one patient with sc\eie cnihosis, hj^poalbuminemia (seium 
albumin 1 5 Gm pci cent), and niaiked ascites and into another patient in the 
nephrotic pliase of chronic glomciulonephritis (serum allnimm 2 0 Gm pei cent) 
with anasaica, lesulted in impressue though tiansient improvement in the pro 
longed plasma tiuoinbin times (Pig 8) 

Acacia* Acacia in vaijing concentrations from 0 56 to 4 5 Gm per cent 
exhibited moie pronounced accelerator effect in vitro than comparable quantities 

•Supplied by the American Nalonal Red Cross National Headquarters Washington D C 
through the courtesj of Dr J In Ashworth 
tThe Armour Laboratories Chleagti III 
JCourtland Laboratory. Los Angeles Calif 
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of normal defibrinated plasma on the prolonged plasma thrombin time. Shorten¬ 
ing of the thrombin time also occurred when acacia was added to normal plasma. 
Heating acacia at 60° C. for 30 minutes or decalcification with sodium oxalate 
resulted in slight loss of accelerator eifect. 

The Lack of Corrective Effect of Normal Defibrinated Plasma Made Hypo- 
ttlbnminemic by Saline on the Prolonged Plasma Thrombin Time. —Normal de¬ 
fibrinated plasma made hypoalbuminemie by dilution Avith saline (serum albumin 
1.4 Gm. per cent) was as ineffecthm in improving the prolonged plasma thrombin 
time as plasma from a patient with cirrhosis and a serum albumin concentration 
of 1.7 Gm. per cent. 



Fig. S.—The in vivo corrective effect of intravenous infusions of human albumin on the 
prolonged plasma thrombin time. 100 ml. of 25 per cent human salt-poor albumin was 
administered intravenously over a 20-minute period and the plasma thrombin times (0.1 ml. 
glycerol-thrombin, 5 added to 0.4 ml. plasma) determined at the intervals indicated 

following the infusions. Note the rapid, but transient corrective effect of the infused albumin 
on the prolonged plasma thrombin times of the patients. 

Correlation of the Prolonged Plasma Thrombin and Bovine Fibrinogen 
Clotting Times With the Serum Albumin Level. —The increase in plasma throm¬ 
bin time could be correlated Avith the serum albumin level. The patients Avith 
normal or slightly decreased seimm albumin levels demonstrated normal or 
slightly prolonged plasma thrombin times. With decreasing serum albumin 
levels, the plasma thrombin times became increasingly prolonged (Pig. 9, H). 
No cori’elation Avas evident betAveen Hie plasma thrombin times and serum globu¬ 
lin levels. 

The clotting time on the addition of thrombin to a mixture of bovine fibrino¬ 
gen AS’ith the patient’s defibrinated plasma or bovine albumin could be correlated 
AAuth the albumin level of the mixture. Depression of the albumin level resulted 
in prolongation of the bovine fibrinogen clotting time (Pig. 9, B). 

DISCUSSION 

The results of this study confirm many of the previous observations in Avliich 
prolonged plasma thrombin times Avere reported in a variety of disease states. 
Prolongation of the plasma thrombin time appeared to be due to a multiplicity 
of factors, often occurring in combination. The most constant abnormality ap¬ 
peared to be a deficiency of a substance in plasma aiding the conversion of 
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fibimo;;cn to (ibiiii In addition, an jiieicase in fibrinogen coiicenti.ition also 
seemed to contiibiitc to tlie dcl.ned tliionibin time in main ot these jiatients 
llMiofibrinogcncmi.i was not obsened in the piesent senes Tlie antitlirombin 
•letuiti did not geiieiiilli seem to eoiiebite njtli the pioloiigcd plasma tliiombin 
time altlioiigli ineicases in antitbioiiibiii weie tomid in a fen patients and nia.i 
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have contributed to the abnormality. Onlj* a single instance of circulating 
anticoagulant was recognized. Abnormal clotting reactivity of fibrinogen to 
thrombin could not be demonstrated in the plasmas studied. 

The data presented are in agreement and confirm all observations pre¬ 
viously reported on a fibrinogen conversion accelerating effect in normal de- 
fibrinated plasma. In addition, the accelerator effect was also demonstrated in 
normal serum. The greater accelerator effect of serum than plasma is probably 
due to the known clot-accelerating effect of calcium in serum.^' The studies in 
this report also suggest no relationship between platelets or anj'^ of the known 
plasma or serum coagulation factors and the accelerator effect in plasma or 
serum. Suspensions of normal platelets were shown to possess no accelerator 
effect on the prolonged plasma thrombin times. No correlation was evident be¬ 
tween the platelet count and thrombin time. 

The data obtained indicate that the accelerator effect in normal plasma or 
serum was associated mainly Avith albumin or a substance related to albumin. 
The apparent localization of the accelerator effect to albumin Avas supported by 
many observations in this study. The increase in plasma and boAune fibrinogen 
clotting times correlated Avell with decreasing senun albumin levels; no corre¬ 
lation was evident with serum globulin levels. The ammonium sulfate frac¬ 
tionated precipitates of normal plasma or serum containing the active accelerator 
effect Avere associated AA'ith the albumin component. "While the fractions of nor¬ 
mal plasma Avith maximal activity Avere different from that previously reported,® 
the difference maj" have been in the technique of fractionation. Bj”- paper elec¬ 
trophoretic separation, the accelerator effect in plasma and serum Avas confined 
mainly to the albumin. Pure bovine or human albumin preparations exhibited 
accelerator effect in vitro and Avith the latter preparation, also in vivo. The 
accelerator effect aaus found primarily in Cohn’s plasma fraction V, AA^iich con¬ 
tained approximately 99 per cent albumin, and to a slight extent in fraction 
IV-4, AA’hich contained in addition to alpha and beta globulins, 32.9 per cent 
albumin. 

Whether the accelerator effect in allnunin is diie to a true coagulation fac¬ 
tor or to a nonspecific colloidal effect was not resolved. The conA’^ersion of 
fibrinogen to fibrin in vitro is dependent on an optimal colloidal state.” Acacia 
in 2 to 6 per cent concentration can accelerate the conversion of fibrinogen to 
fibrin probably by proAuding a more optimal colloidal state. In this report 
acacia demonstrated a similar accelerating effect in vitro on plasmas Avith de¬ 
layed thrombin times. The almost unNersal tendency for the senun albumin 
level to fall AA-itli acute or chronic disease correlates AA-^ell Avith the occurrence of 
increased plasma thrombin times in many disease processes. The decreased 
senxm albumin levels may result in suboptimal colloidal states. Aeeelerator 
effect in normal dcfibrinated plasma and senmi probably acts simply by restoring 
a suboptimal colloidal state to normal. The moderate loss of accelerator effect 
in normal dcfibrinated plasma or decalcified serum after heating could be due 
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to (leslilittioii of a coiftiilatioii iaitoi m iillniinin to dinatmatiou of the al 
bumin molecule with im]iainnciil oi its colloidal eflect oi to loss of antihepaiiii 
acti\it\ 111 psciidoiiiolmliu " 'Ihc heat stahilits oi the acccleiatoi eftcct ot noi 
ninl plasiin m this icjioit Mas {pcatci than iii the one pieMous stndi *■ 

Althoufrh the influciiic ot fibiinogcii coiicoiitiatioii on the clotting time of 
isolated thiomhin hbiinogen mixtures Ins been uell studied, pieiious uoik has 
not empbasired h\ peifibiinogcncmia as a contiibiiting faetoi in piolongation ot 
the plasma thiombin tune The picscnt data aie in accord Mith the hiioun 
teiidenci of iiieieased conccntiations of fibiinogen to clot moie slouh The 
associated use in Mscositc with incicasing conccntiations of fibiinogeii, Mhcthei 
in plasma oi in isolated ioim iiiai icpicscnt an associated sccondaii phenomc 
non lathci than a diicct causatnc factoi in piolongatioii of the fibrinogen clot 
ting time While prolongation ot the plasma thiombin time In poh\in}lpji 
lolidoiic lias obsened in this stiidi, shoitcniiig of the thiombin time bi this 
substance has been icpoited picMoush "" In addition, the plasma thiombin 
tune in patients nith multiple niaeloiiia shoned no diicet piopoitional incieasc 
Mith the marked use in idasma aiseositi obsened, but seemed to cortelate bettei 
with the fibiiiiogon lei el An excess of fibniiogcn molecules might mccliaiiieallj 
inteifeie iiith the pioccss of fibiiiiogcn poljmicnration and fibiin clot foiination 

In late prcgnaiici the slight incieasc in plasma thiombin time appears to 
bo duo to a leductioii in albumin and some iiicicase in fibiinogen concentiation 
The miinbei of ncuboin iilasnias studied in this icpoit is too small to peimit 
definite conclusions, but i eduction in seium albumin and possible qiialitatne 
changes in the fihiinogen mn\ be impoitant factors in the piolongation of the 
plasma thiombin time 

Host of the abnoimal thiombin times mcic associated with iioimal blood 
coagulation times No coiiclatioii was found between the coagulation time and 
abnoimal thiombin tune In the few patients with piolongcd whole blood 
coagulation times, the thiombin tunes wcie not excessiiclj piolonged with one 
exception The iclatiie lack of piolongation of whole blood coagulation in the 
piescnce of increased thiombin tune ma\ be due to the lelatne shoitness of the 
thud stage of coagulation compared to oiei all coagulation 

The incieasc in plasma thiombin times did not appeal to lesult in seiious 
hemorrhagic tendencies in the patients studied The majority of patients weie 
free from clinical bleeding at the tune of stiidi In most of the patients with 
hcmoiihagic manifestations, the thiombin times weie not exccssuelj piolonged 
and otbei coagulation defects weie usiialh picsent The wide spectrum of 
diseases in which the plasma thiombin time maj bo piolonged and the lelatiie 
lack of associated hcmoiihagic tendencies in the gieat majority would sug 
gest the increased plasma thiombin time to haie limited clinical significance 

suaiai vKi 

Prolongation of the plasma thiombin time was found in a wide laiietj of 
diseases and in late piegnaney and the iicwboin Further studs levealed the 
increase in plasma thiombin tune to be a complex phenomenon due to a niidti 
pliciti of factors, iisualh occiiiring in coinhination The most constant ahnor 
mailtj appealed to be a deficiencj of a plasma substance aiding the coinersion 
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coagulant. The stage at which i’acToi- V is required Avas not established since 
platelets free irooi factor A' can only be prepared from blood from a patient 
Avitli factor V dchcieiicy” and such blood Avas not aAmilablc to tliese Avorkers. 
Horder and Sok.'il.^'' howcA’cr, in a study of a patient Avith congenital factor Y 
deficiency shoAved that Avh(*n normal scrum, AIIF, and ifiatelets prepared from 
the patient AA'ej'c prcincubalcd Avith calcium for 5 minutes the subsequent ad¬ 
dition of faetoi V lesuited in complete actiAmtion Avithin one minute; the)’ 
concluded that factoi V reacted snlisequent to the reaction betAveen AllP, 
serum factor.s. and platelets. The experiments to be described confirm this 
Avork and indicate that factor V ioteraets Avith the sedimentable complex 
formed by the reaction betAveen AHF, PTC, Stuart factor, and platelets. The 
present study is confined to the roles oi the aboAm named factors and does not 
attempt to delineate the roles of PTA. ITageman factor, factor X, the ProAA'cr 
factor, or the fourth thromboplastin comjAonent. 


METHODS AND JIATERIALS 

All actual clottin;; tests were performed in a 37° C. Avater bath in uncoated tubes. 
Silicone-coated syringes and glas.swaic were used for collection of blood unless otherwise 
lorjuired by a specific method. 

A patient with a congenital deficiency of factor V, a patient AA'ith Stuart factor de¬ 
ficiency, a severe hemophiliac (less than 3 per cent AHF), and a patient with Christmas 
disease were used as subjects in these experiments. The patient with the congenital de¬ 
ficiency of factor V (proaccelerin) has been previously reported and has been found to 
have 3 per cent factor A^io The patient Avitli the Stuart factor deficiency has also been 
preAious j studiede ,-0 an(j Stuart factor content of this patient’s serum is less than 
1 per cent when measured by the thromboplastin generation test. 

Whole blood was collected in glass tubes and allowed to clot and stand at 28° C. 
for ..4 hours before the serum Avas separated. Sera from the patient with Christmas 
disease and tfie patient deficient in Stuart factor were treated for % hour with 

larium sulfate (50 rag. per ml.) which adsorbs Stuart factor and PTC but not factor V. 
The serum factors were subsequently eluted from the BaSO, by 5 per cent sodium citrate. 
16 WO prepara ions Avere then dialyzed overnight against 0.85 per cent saline and the 

wdtZthP volumes Of serum. Platelets from the patient 

with the congenital deficiency of factor A^ Avore prepared by the technique used in the 

thromboplastin generation test.ai The platelets Avere incubated with a variety of co¬ 
agulation factors and then spflimnr,. i ^ 

supernatant was discarded the s^dwtr centrifuging at 25,000 g for 5 

25!oOO g for 5 minutes, iftt discamf T ipf in a 

volume of saline equal to the volump the deposit was suspended 

pended. The imidazole buffer pHTL IvThe 

method of :Mertz and Owen .22 ^ 'emotion mixtures Avas prepared by 

results 

f;rV 7 mr^orFacffr From a Patient With Congenital 

fbot AUOH^ aSoL l r”' has been shoAvn previot^^lr 

that Al(OH)3-adsorbed plasma from a patient Avith a congenital deficiency of 
factor Y is defectum m the thrnnibr.>,i xuiigciiiua, 

1 • ..p=T.opt nf +A,’ tnromboplastm generation test but the seium i 

UrScon i (Fig. D- 'O-'*“f 

'"r Took aH ‘l-' patienfa platelets avhen tl,e 

pauent s fie Paed result in a slight but signilica”* 
uuprovomout m tl„oml.„pl„s,.„ generation”., was also eLlirmed (Fig D' 
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to (Icslniction of a coagulation factor in alinnain, to denaturation of the al- 
Iniinin molecule with itn|iait]ueut of its colloidal cfl'cot or to loss of antihciiarin 
netivily in [is'eudo'.'lohulin." The heat stahiliti- of the accelerator effect of nor¬ 
mal plasma in this repoit was "icater than in the one pievioiis study." 

Although the iiillueucc of tihrinoKcn concentration on the clotting time of 
isolated thiomhin-fihiinogen mixtures has been well studied, previous work has 
not emphasi/ed hyjicrfibrinogcncmia as a contributing factor in piolongation of 
the plasma thrombin time. The piesent data are in accord nith the knoiin 
tendency of increased concentrations of fibiinogen to clot more slowly. The 
associated rise in viscosity with increasing concentrations of fibrinogen, whether 
in plasma or in isolated form, may rcpiescnt an associated .sceoiidaiy phenome¬ 
non rather than a direct causative factor in prolongation of the fibrinogen clot¬ 
ting time. While jirolongation of the jilasma thromhin time by polyvinylj)}'!'- 
rolidone nas observed in this study, shortening of the thrombin time by this 
substance has been icported previously.-^ In addition, the plasma thrombin 
time in patients nith multiiile niyclonia showed no direct proportional increase 
with the luaiked rise in plasma viscosity observed, but seemed to correlate better 
with the fibrinogen level. An c\ecs.s of fibrinogen molecules might mechanically 
interfere with the process of fibrinogen polj-mcriration and fibrin clot formation. 

In late pregnancy the slight increase in plasma thiombin time appears to 
bo due to a reduction in albumin and .some inciease in fibiinogen concentration. 
The number of newborn plasmas studied in this icport is too small to permit 
definite conclusions, but reduction in scrum albumin and possible qualitative 
changes in the fibrinogen nmy be impoit.mt factors in the prolongation of the 
plasma thrombin time. 

Most of the abnormal thrombin times were associated with normal blood 
coagulation times. Xo conclation was found between the coagulation time and 
abnormal thiombin time In the few patients with prolonged whole blood 
coagulation times, the thiombin times were not e.sccssively piolonged with one 
exception. The I'clative lack of piolongation of whole blood coagulation in the 
presence of increased thrombin time ina.v be due to the relative shortness of the 
third stage of coagulation comiiared to over-all coagulation. 

The increase in plasma thrombin times did not appear to lesult in serious 
hemorrhagic tendencies in the patients studied. The majority of patients weie 
free from clinical bleeding at the time of study. In most of the patients u-ith 
hemorrhagic manifestations, the thiombin times were not excessively prolonged 
and other coagulation defects were usually present. The wide spectrum of 
diseases in which the plasma thiombin time may be piolonged and the relative 
lack of associated hemorrhagic tendencies in the great majority would sug¬ 
gest the increased plasma thrombin time to have limited clinical significance. 

smtxiARY 

Prolon''atioii of the plasma thrombin time was found in a wide variety of 
diseases and in late pregnancy' and the newborn. Purther study revealed the 
increase in plasma thrombin time to be a complex iihenomenon due to a multi¬ 
plicity of factors, usually occurring in combination. The most constant abnor¬ 
mality appeared to be a deficiency of a plasma substance aiding the conversion 
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of fibrinogen to fibrin. An increase in plasma fi])rinogen appeared to be a con¬ 
tributing factor. Circulating anticoagulant ivas encountered only once and 
increased antithrombin activity appeared to play a relatively insignificant role 
in the delayed plasma thrombin time. The deficient substance in plasma, aiding 
fibrin clot formation, did not appear to be platelets or any of the known plasma 
or serum coagulation factors. The data presented suggest that the deficient sub¬ 
stance is albumin or a substance related to albumin. Clinically, prolongation of 
the plasma thrombin time did not appear to result in significant hemorrhagic 
manifestations. 

I wish to express my smeerc appreciation to Dr. Carl V. Moore and Dr. 'William J. Har¬ 
rington for their advice and criticism throughout the study and in tlie preparation of tiie manu¬ 
script. 
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T]in KOLE or ]'ACTOR A IN THE FORirATION OP BLOOD 
TIIROiMBOPLAbTJN 

Ctcii, IIouoiE, IIB , B S (Lonu),JIRCS (Eng)* 

ClI VKIX)TTrSMLLE, Vv 

B IOOS, Dougins, niul Macfailaiie' showed that the iiieuhatioii of AI(OII )3 
adsuibcd plasma, sduin platelets, and talLium tesiilts in the foimatiou of 
.1 poweiftil Loagiilant which Ihii named “blood thioniboplastiii’’ The term 
tilliimboplastm gciieiatioii ’ imiilies the foiiiiatioii of a final piothiombiii con 
leitiiig siibstaiitL, while this mat not iieitssaiih be tint, it, iieieithekss, 
tonus a useful woihiiig Inpothtsis Theit aie, howtiei, otbti iiiterpietations 
of tin pheiioiiitnon I’oi txaiiiplc, heegeis and his associates’ ’ belitic that 
the thiomboplastin gcntiatioii test inessmes the tiansfoimatioii of plasma 
AC globulin (faetoi V, pionttcleiiii) to seiiiiu AC globulin 

It was oiiginnll.i beliescd bj Biggs, Dougins, and JIacfnilane* that plate 
lets, nntiheniophilic faetot (Alir), faetoi V, factoi VII (seium piothiombin 
toiiseisioii ncceleiatoi, SPCA oi piooomeitin), and Chiistmas factor (plasma 
thioniboplastin loiiipoiKiit PTC) togitlui with cnkiuiii weie iiccessaij foi 
a iioimnl thioniboplastin gnieiation tist Paetoi VII is now Known to be 
unnccessai.i' '' but the otliei findings of these woilceis ha\e boon confiimed 
Seseial ‘new” clotting fattois essentnl foi tbiomboplastin geneiation” 
hate Kctnth been dtstiibed, these iiidude the Ilagemnn faetoi,' the 
Piowei* and Stuait factois,” faetoi X’ and piobablj plasma thiombo 
plastin antecedent (PTA)” and the fouith thioniboplastin coinlioncnt’’ It 
IS (sticiiieh uiiiiKelj that all these fattois icact togethei in a single high 
01 del leaetioii but iiioie piobable that ‘blood thromboplastin” is the end 
piodiiet ot a senes of iiitei mediate leactions* “ ” These leactions maj be 
exceeeliiiglj complicated and Secgcis'* has stated that “the thioniboplastin 
geneiation test is piaeticallj as coiiiplicated as the coagulation of whole blood 
and ceiuallj difficult to inteipiet ” 

Theie is tiidence that AIIP and scium mtciact foiniiiig an inteimediate 
piocluct which has been lefcncd to as Pioduet IIt must be stiessed 
that this tenu is used foi tom emciiee onh suite it has not been shown or 
tlaimed that this iiileimceliate pioduet is the fust one foimtd, that onij a 
single leaction oeeuis when (altnini and Alir are incubated with seium or 
that oiilj these factois aic imolied in the foiniation of this pioduet It ap 
peais fiom the woik of Beigsagcl and Hougie” that Pioduet I leacts with the 
thromboplastic iactoi of platelets {platelet factor III) foiming a sedimentable 
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eoagtilant. The stage at which factor V is reqviired was not established since 
platelets free from factor V can only be prepared from blood from a patient 
with factor V deficiency^’ and such blood was not available to these workers. 
Horder and Sokal,’® however, in a study of a patient with congenital factor V 
deficiency showed that when normal serum, AHF, and platelets prepared from 
the patient were preincubated with calcium for 5 minutes the subsequent ad¬ 
dition of factor V resulted in complete activation within one minute; thej'^ 
concluded that factor V reacted subsequent to the reaction between AHF, 
serum factors, and platelets. The experiments to be described confirm this 
work and indicate that factor V interacts with the sedimentable complex 
formed by the reaction between AHF, PTC, Stuart factor, and platelets. The 
present study is confined to the roles of the above named factors and does not 
attempt to delineate the roles of PTA, Hageman factor, factor X, the Prower 
factor, or the fourth thromboplastin component. 

JIETHODS AND MATERIALS 

All actual clotting tests ivere performed in a 37“ C. water bath in uncoated tubes. 
Silicone-coated syringes and glassware were used for collection of blood unless otherwise 
required by a specific method. 

A patient with a congenital deftcieney of factor V, a patient with Stuart factor de¬ 
ficiency, a severe hemophiliac (less than 3 per cent AHF), and a patient with Christmas 
disease were used as subjects in these experiments. The patient with the congenital de¬ 
ficiency of factor Y (proaccelerin) has been previously reported and has been found to 
have 3 per cent factor V.io The patient with the IStuart factor deficiency has also been 
previously studied®. 20 and the Stuart factor content of this patient’s serum is less than 
1 per cent when measured bj' the thromboplastin generation test. 

Whole blood was collected in glass tubes and allowed to clot and stand at 28° C. 
for 24 hours before the serum was separated. Sera from the patient with Christmas 
disease and from the patient deficient in Stuart factor were treated for Va hour with 
barium sulfate (50 mg. per ml.) which adsorbs Stuart factor and PTC but not factor V. 
The serum factors were subsequently eluted from the BaSO, by 5 per cent sodium citrate. 
The two preparations were then dialyzed overnight against 0.85 per cent saline and the 
volumes finally adjusted to the original volumes of serum. Platelets from the patient 
with the congenital deficiency of factor V were prepared by the technique used in the 
thromboplastin generation test.®* The platelets were incubated with a variety of co¬ 
agulation factors and then sedimented by centrifuging at 25,000 g for 5 minutes. The 
supernatant was discarded, the sediment washed once with saline and then centrifuged at 
25,000 g for 5 minutes. After discarding the supernatant, the deposit was suspended in a 
volume of saline equal to the volume of saline in which the platelets were originally sus¬ 
pended. The imidazole buffer, pH 7.25, used in the reaction mixtures was prepared by the 
method of Alertz and Owen .22 

RESULTS 

Faihirc of Ahnnina-2'reatcd Plasma From a Patient With Congenital De¬ 
ficiency of Factor F to Form Thromboplastin. —^It has been shown previously 
that Al(OH) 3 -aclsorbed plasma from a patient with a congenital deficiency of 
factor V is defective in the thromboplastin generation test but the serum is 
normal in respect of this test.’® This work was confirmed (Fig. 1). The find¬ 
ing that .substitution of normal platelets for the patient’s platelets when the 
patient's Al(OH) 3 -Rdsorbed plasma is used results in a slight but significant 
improvement in •'•thromboplastin generation’”® was also confirmed (Fig. 1). 
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When noim.il A1(0II)3 inKoibcd pHsniii, noniinl soium, and normal plate 
lets ncie incuhited togctliei, the "thiomboplastin gcneiated" gaee the same 
clotting time tilth the piticiit's siibstinte plasma as noimal plasma 

Eflrct of racial T on Pinilncl J, 7’latelet UcacUon —In the following e\ 
jiciiment (Table 1) the Iniiiim snil.iti clintcs of the seia deficient in Stiiait 
factoi and PTC (diluted 1 "i) tteie iisid as soiiiees of PTC and Stuait faetoi, 
lespictitel.t, tthile the AUnil), adsoilied plasmas (diluted 15) fioin the 
homophiliae and patient tilth faetoi V dcficiciie} ncie used as sources of fac¬ 
toi V and Alir, lespectitclt An incubation mivtiiic of anj 3 of these ic 
agents eontains all the coagulation faetois picscnt in normal seium and noimal 
Al(On)3 adsoibed plasma tilth the exception of onlj one coagulation factoi 
(sec Tabic I) The 4 possible combinations of gioups of 3 of the 4 reagents 
and a noimal lontiol mixtim containing all 4 icagcnts tierc separatelj pre- 
inciibated togithei in the picsenoe of calcium foi 3 minutes Platelets from 
a patient tilth a congenital dofiticnej of factoi V ttcic then added to each 
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Normol 

Pollent 

0-0 Normo) 
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• • Potient 

Normol 

Normol 

X-XPohenJ 

Normol 

Polionf 


INCUBATION TIME (MINUTES) 

—Thromboplastin generation test In a case of congenital dcflcienc> of factor \ 


of the 5 incubation mixtuies and these tieie then fiiither incubated foi 5 
minutes The platelet niateiial tias sedimented by centiifugmg, Hashed once 
and icsuspended a tolume of saline equal to the tolumc of saline in tihieh the 
platelets tiere oiiginallj suspended Ttio tjpes of expciiments were pei 
foi mod on the suspensions of platelet sediment Appioximately half of each 
suspension was diluted 1 3 iiith 0 85 pel cent saline and the lelatii c coagulant 
aetiMty of each diluted suspension dctei mined by adding 01 ml of the 
suspension under test together with 01 ml 0 025 M CaCI- to 0 1 ml of a 
noimal plasma siibstiate The clotting times of the siibstiate plasma aie 
shown 111 Table I iiiidei Column 3 In the stemid tjpe of cxpeiinnnt 0 2 ml 
of the lemaniing halt of each siispinsioii of platelet sediment was incubated 
with 02 ml of the coagulation faetoi which w is omitted in its piepantion 
and 0 2 ml 0 025 M CaClz At minute iiiteiiais aftci the final addition of 
calcium, the lelatne coagulant actiiity of each incubating mixture was detei 
mined bj lemoving a 0 1 ml sample and adding it together with 0 1 ml 0 025 
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M CaCl 2 to 0.1 ml. of a normal plasma substrate. It can be seen from Table I 
that the platelet sediment which was prepared without factor V and had 
little coagulant activity showed a marked increase in activity after incubation 
with factor V. The maximum activitj' was reached after 3 minutes and was 
equal to that of the normal control sediment prepared using all the coagulant 
factors. In the case of the remaining sediments no significant increase in co¬ 
agulant activity occurred when these were further incubated either with the 
coagulant factor omitted in their preparation or with a factor V source, viz., 
Al(OII) 3 -adsorbed hemophilic plasma. Similarly no further coagulant ac¬ 
tivity resulted when the normal control platelet sediment, which was prepared 
with all the coagulant factors, was further incubated with factor Y. 

Table I. Comparative Coagulant Activity op Platelet Sediments Prepared From Plate¬ 
lets From Case of Congenital Factor V Deficiency 




COAGULANT ACTIVITY OF PLATELET 
SUSPENSION 


CLOTTING FAC¬ 
TOR ABSENT 

SUSPENDED IN 
SALINE 

AFTER 3 MINVTES ’ 
INCUBATION "WITH 
COAGULATION FACTOR 
WHICH WAS OMITTED 
FROM PREINGUBATION 
MIXTURE 

reagents incubated vuth 
0.025 M Cad., 0.6 ML. piatelet 
suspension, 0.6 ML. IXIIDAZOLE 
BUFFER 

DURING 

THROMBOPLAS¬ 

TIN 

GENERATION 

SUB¬ 

STRATE 

CLOTTING 

1 TIME 

PER 
CENT 
; ACTIVITY 

SUB- I 

STRATE 
CLOTTING 
TIME 

PER CENT 
; ACTIVITY 

0.3 ml. eluate of Stuart deficient 
serum 

0.3 ml. eluate of PTC deficient 
scrum 

0.3 ml. Al(OH)j-adsorbed hemo¬ 
philic plasma 

0.3 ml. Al(OH) 3 -adsorbed factor 
V deficient plasma 

None 

(1) 

sec. 

30 

(2) 

100 

(3) 

sec. 

(4) 

0.6 ml. eluate of Stuart deficient 
serum 

0.3 ml. Al(On) 3 -adsorbcd hemo¬ 
philic plasma 

0.3 ml. Al.(OH)j-adsorbed factor 
y deficient plasma 

Stuart factor 

79 

7 

71 

11 

0.6 ml. eluate of PTC deficient 
serum 

0.3 ml. Al(OH)i-adsorbcd hemo¬ 
philic plasma 

0.3 ml. Al(OH) 3 -adsorbed factor 
A’ deficient plasma 

PTC 

71 

n 

70 

12 

0.3 ml. eluate of Stuart deficient 
serum 

0.3 ml. eluate of PTC deficient 
serum 

0.6 ml. Al(OH )3 adsorbed hemo¬ 
philic plasma 

AHF 

90 

2 

84 

5 

0.3 ml. eluate of Stuart deficient 
serum 

0.3 ml. eluate of PTC deficient 
serum 

O.C ml. -■\J(OH),-ndsorbed factor 
V deficient plasma 

Factor A' 

72 

10 

30 

100 
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1 lu (lotting! fiiiKS nl)t iiiuil m the ni»o\c tAptnnioiit Btic comoited to 
I'CI iiiit alll\lt^ fioin .1 11iinnil>i>i>l,is1iii ilihitimt nine mIiicIi «,ns olitninod iii 
tin foilowiiifi iiMiiiiii 'J'Ik iioiiiiil diiitio] siis])i nsion of s/difnOHt 

BUS ililiitid 1 ! Ill siliiip and tins diliitiini iilnti.iiilj thosen to iijiKscnt 100 
]>Pi (Ont a(-tI\lt^ Siinl dilutions ntii iinidi ot tins siisponsion and the eo 
agnlaiit actnits of 01 nil of each dilution ditiiniiiied lliiis 01 nd of a 
dilution nas added siiniillaiieoiish njfji 01 ml 31 CaCh to 01 tiij noimal 
plasma and the clotting time of the niisturc difeimined A dilution oune, 
1 elating clotting time of the iiiistui. to the stiiiigtli of each dilution added to 
the clotting niistuie iias then picpaied 

Compamoii of Oue Stage “Froth,omhin Timci” of jYoinml and Factor V 
Deficient Plasma I sing Pioduct I T,rated Platelets Prepared With and With 
out Factor r ns Thromhoplastin Source—Viodwct I treated platelet sediments 
Mere piepaicd In preineiiliating foi 5 niinntes 0 2 ml noimal serum diluted 
1 10 (soiiicc of hotli PTC and Stnait faetoi), 0 2 ml imidarolc buffer and 0 2 
ml 0 025 31 CaCh with 0 2 ml of 1 5 dilution of each of the following (a) 
normal Al(OII)j adsoihed plasma and (b) Al(OII )5 adsothed plasma from 
patient deficient in factor V To each of the 2 mi\tiiies was then added 0 8 
ml of a platelet suspension fiom the patient with factor V deficienei and m 
cuhation earned out for a fuithcr 5 minutes The siihsequeiit technique was 
as described m the section on methods The 2 final suspensions of platelet 
sediments wcie diluted 1 3 in 85 pei cent saline The one stage “prothrombin 
times” of noimal plasma and plasma fiom the patient with congenital de 
ficieney of faetoi V wcio then dcteiiiiimd using the sediments piepared with 
and wntliout faetoi V as the source ot thiomboplastin 


Tabie n aiouiriSD OsE Staoe “PnoTiiroiiiiis Times” of Nobiiai, imi Factoe a De 
rioiEST Plassias Usiso Platelet SrimrsTS PriPArsD Fkoji Plateiets 
From Case oi Coscfsitai FAcror V Deficielci 


1 

NOPMAL SERUM, PATIENT 'S PLATFI ETS 
IMIDAZOLE BUFFER, CaCl, 

INCUBATED "WITH 

0\EST\CF ^'PPOTHFOilBIN TIMES^' (SEC) 

USING ' ILXTCLET SEDIMENTS'* AS SOURCE 
or TBPOMSOPLASTIN 

1 

NOPMAL PIaASMA 

1 SEC 

FACTOR V 

DEFICIENT PIASMV 

SEC 

Normal Al(OH), adsorbed plasma 

24 

22 

Factor deficient Al{OH), adsorbed 



plaema 

47 

95 


The icsults of such an c\perimcnt aic shown in Table II It can he seen 
that the “prothrombin time” of the factor V deficient plasma was normal ivhen 
the platelet sediment piepaied with factor V was used as the source of throm 
boplastin and that the “prothiombiii times" of both the noimal and factor Y 
deficient plasma weie prolonged when the platelet sediment piepared without 
factor Y w as used as the thi omboplastm source 

DISCUSSION 

The results confiim earliei work*’ that a sedimentable coagulant forms 
when all the faetois essential for "thromboplastin generation” are incubated 
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togetlier. Tlie present work also skoAvs that if any one of the following, AHP, 
PTC, Stuart factor, or factor V is omitted from the preparation of the sedi¬ 
mentable coagulant, it Avill have comparatively little activity. Subsequent 
incubation of the defective sediment Avith the coagulation factor originally 
omitted does not result in further increase of coagulant activity, except in 
the case of factor V. It appears, therefore, that factor V acts subsequent to 
PTC, Stuart factor, platelets, and AHP on the sedimentable complex formed 
by these factors. "While the possibility that factor Y may act earlier under 
more physiologic conditions of clotting is not excluded by either this Avox'k or 
the previous Avork of florder and Sokal,’® it is rendered unlikely by indirect 
CAddence. Thus, it has been recently shoAxm by Douglas-^ that Avhen Avhole 
blood from a patient Avith hemophilia, Christmas disease (congenital PTC de¬ 
ficiency), or thrombocytopenia is alloAved to clot in a glass tube there is a 
failure to utilize factor V. These findings suggest that factor Y enters the 
reactions invoh'cd in blood clotting at a later stage than AHP, Christmas 
factor, and platelets. If the factor Y had been invoh’^ed in the earlier stages 
of thromboplastin formation then its utilization in one or more of these condi¬ 
tions Avould have been anticipated. 

The findings can all be fitted into the folloAving scheme Avhieh is similar to 
that suggested by IMacfarlane.’® 

(1) PTC + AHP + Stuart factor + Calcium —> Intermediate Product I 

(2) Intermediate Product I + Platelets —> Intermediate Product II 
(.sedimentable) 

(3) Intermediate Product II + factor V —> Blood Thromboplastin or final 
prothrombin converting substance (sedimentable) 

Such a hypothesis is necessarily incomplete. It does not take into account 
the Ilageman factor, PTA, factor X, and other factors thought to be important 
in “thromboplastin generation,” nor does it consider inhibitory systems. The 
scheme. hoAvever, agrees in part Avith the vieA\>^ of OAvren^^ that antihemophilic 
“A” and “B” factors (AHP and PTC) and platelets react to form a product 
Avhich then reacts Avith proconvertin (factor YIl) to form “convertin’’ (prob¬ 
ably the Product II of the above scheme). “Convertin’’ then reacts Avith “ae- 
celerin” (derived from factor Y) to form blood thromboplastin or “prothrom- 
binase,” the final prothromljin-converting substance. Since it is noAA' knOAATi 
that factor YII (proconvertin) is not essential for “blood thromboplastin,” it 
is ])robable that Owren Avas considering the Stuart factor rather than factor 
VII (proconvertin) since these 2 factors haA'e many properties in common and 
the “specific” proconvertin assay tcchniqAxe of OxAuen and Aas^’’ ixieasures not 
only proconvertin bxit Stuart factor and perhaps other factors as Avell.® Oaa"- 
reix’s vicAv that proaccclerin (factor V) is conA'crted to aeeelei-in by the action 
of thrombin is generally accepted.^®- It has, hoAvever, been previously shoAvn 
that Avashed sediments, prepared by the techniqxxe xxsed in the present AAmrk, 
do not contain demonstrable thrombin.’® The thrombin necessaiy for this 
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liaiisronunlion of f,u toi V must tlioiofoio be dcin cd fiom tiaccs of piothrom 
bill picsent in the faetoi V souiec (Al[Oilja adsoilied heniopliilic plnsma) oi 
be incoipoiated into the scdiineiits as ptiMoush suggested bj Spact and 
Gainei"® and, tliOKfon not denionstinble b\ the usiiil tochnirpies 

tO\CI L’fsiON*' 

E\penmtntal cNidmcc is pusenttd inditating that fattoi V is not re 
qiiiied 111 tlic fonnation of Piodmt I lhciol )3 dificnng in this inspect fiom 
l*rC, Stuait factoi and AHT, which aie ncccssii} foi the foimatioii of this 
pioduct Pioduct I appears to leact with the thionihoplastin factor of plate 
lets and tins in tiiiii icuts with fnctoi V 
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VITAMIN B„ BINDING CAPACITY OP NORMAL AND 
LEUKEMIC SERA 

G R iccL'GUA, JI D.,* \ND M. S Sacks, M.D •• 

Bai.timore, Md. 

IXTROnUCTIOV 

The possibility of assaying \itamin Bj; by l)io use of the green alga Euglcna 
qutcxJh var. hacillari^ was fiist demonstrated b\ Iliitner and his associates’ 
Boss- deseiibed in jiarticular a technique by moans of wliicli it is possible to de¬ 
termine the concentration of the \itamin in body fluids Beard, Pitney, and 
»Sanncman^ and Beard ct al * described an abnoimally high concentration of ^ita- 
min Bi 2 in the patients siiffciing fiom acute or chronic granulocytic leukemia and 
acute monocytic leukemia Patients suffciing from acute oi chiouic l.vmphoc.vtie 
leukemia were described as having normal !c\cis of the sulistancc. These find¬ 
ings were confirmed by n number of investigators**® Pitney, Beard, and Van 
Loon* demonstrated also that the sera of patients suffciing fioin chronic granulo 
cytic leukemia can bind more vitamin B^ than normal serum. This finding was 
confirmed by' Lear and his associates* The purpose of this paper is to picscnt 
a method useful for the measurement of the ^i^amin binding capacity of 
soium and the results obtained with normal and pathological sera. 

.\r\TERI\LS AND MFTIIODS 

TIio a<««ays of Mtamm H,. were earned out with the method of with onlji minor 

modification*!. With this teclinique, it is possible to ilifTercntjate a “bound" form of the 
vitamin, which becomes available to the microorganism after heating the sera to lOO® C, 
from a “free" form, which is available to the niicroorgani>sm even before heating. In nor 
nial *!ern, the latter form is usuallv found in verv small amounts. If vitamin B,. is added 
to a normal serum and tins mixture is inoculated with E. ffracxhs without previous heating, 
the growth of the microoigaiiism will be Ic^s than U would be if the same amounts of 
vitamin B,. were added to distilled water instead of «erum. The interpretation of this 
phenomenon is that tiie vitamin B,. added to the scrum becomes linked with a globulin 
component,7 and in this form the substance does not support the growth of E. ffrncths 
Our method for the measurement of the binding capacity of sera was developed on the 
basis of this hvpothesis Serial dilutions of sera from 1:1 (pure serum) to 1 64 were 
prepared using sterile distilled water as diluting fluid. To 1 milliliter of each of these 
dilutions, 1 milliliter of a solution of crjstalhiic vitamin B,. containing 800 /t/tg of sub 
stance per milUliter was added No incubation of the mixtures was done at this point, but 
the tubes were left at room temperature during the execution of the other step** of the 
technique. The concentration of “free" vitamin in each of these dilutions was a^sa^ed 
To obtain it, 0 10 milliliter of each mixture was added to 1 0 milliliters of water and 2 0 
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milliliters of double strength medium. The tubes were then incubated for 15 minutes at 
50° C. This degree of heating does not liberate any of the bound vitamin B,. naturally 
present in normal sera; its purpose is to decrease the possibility of growth of contaminant 
fungi in the material. 

If the concentration of naturally present “free” vitamin Bj, in the serum, at the 
dilutions used for the assays, is zero, the vitamin B„ recovered should represent the 
amount of added substance that the serum did not bind. The amount recovered should be 
greater at the higher dilutions of sera and should be 100 per cent where the vitamin is 
added to water instead of serum. The free vitamin B,, concentration at these dilutions 
is actually zero in practically all normal sera, but it is sometimes increased in abnormal 
sera. In this case, the pre-existing amount of vitamin B,, should be subtracted from the 
value found after the addition of crj-stalline vitamin B,:, and the difference will indicate 
the amount of added substance which actually remained unbound. To accomplish this, 
a second set of tubes was prepared, containing the sera treated in the way described above, 
except that to the sera was added distilled water instead of the solution containing vitamin 
B,,. IVlien vitamin B,, could be detected in this set of tubes, the values were subtracted 
from the corresponding ones of the first set. 

Plotting the amounts of vitamin B,. recovered against the dilutions of sera (Fig. 1), 
it is possible to obtain a curve from which the binding capacity of a given serum can be 
estimated. In Fig. 1, it can be noted that the amounts of vitamin B,, recovered were some¬ 
times greater than the amounts added; these insignificant differences are within the limits 
of error for the method employed. All the assays were carried out in triplicate. 

RESULTS 

Determinations of total and free vitamin Bic serum levels were caried out 
in 180 normal individuals, 59 cases of miscellaneous diseases, 12 cases of 
pernicious anemia, and 50 cases of leukemia. The values obtained are shown in 


Table I. Seroxi Vitaicik B,, in Normal and Pathological Sera (nfta Per Milliliter) 


NO. OF 


[ RANGE 1 

1 AVERAGE 

PATIENTS 

DIAGNOSIS 

1 TOTAL j 

FREE 

1 TOTAL 1 

FREE 


Normal 

144-1,080 

0-104 


25 

59 

Miscellaneous diseases 

22-2,200 

0-272 

672 

38 

12 

Pernicious anemia 

0-50 

0 

34 

0 

26 

Chronic granulocytic 
leukemia 

2,368-16,600 

0-216 

7,701 

88 

9 

Acute granulocytic 
leukemia 

300-3,580 

0-204 

988 

71 

6 

Chronic lymphocytic 
leukemia 

140-760 

0-328 

416 

111 

7 

2 

Acute Ij-mphocytic 
leukemia 

Monocrtic leukemia 

234-860 

1,376-1,520 

42-304 

0-872 

497 

145 


•Standard deviation ± 140. 


Table I. Twenty-four of the normal sera were studied with the method de¬ 
scribed above in order to determine their binding capacity. The original 
levels of total vitamin B,. in these sera ranged from 218 to 1,024 /tjug per 
milliliter and those of the “free” -sutamin Bj; from 0 to 104. When these 
normal sera were diluted, only a small percentage of the added vitamin Bn 
became bound. At the lower dilutions of sera, the binding capacity was 
higher, but some of the added vitamin was always recoverable. In most 
of the experiments, the x-itamin bound was between 50 per cent and 80 per 
cent (between 400 and 6.50 p/ig per milliliter). Fig. 1 shows the average 
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Ijimliim cApneitj cu^^t jind tho standard deviations oljtaincd nitli normal 
sera. Tlic same ttchni(nu was us. il for the stiuly of our 2G eases of chronic 
piaiuilocstie leiiKcinia, l)eforc tr**itnieiit i ip 2 shows tlic a\ciape tiir\c and 
standard deviations of the nsult-> TIic Imidinp eajsuitv was alwavs verj* high, 
and tlie free Mtarnin often (ompleti 1\ disappcatcd even when theie was less than 
10 per cent of tlie scniin presfiit Thirteen of these patients were followed 
during the course of Iheir disease with repeated assavs of vitamin Bj; Twelve 
of them were treatcil with ^Ivleran, 6 mg per dav Three patients received a 
eonrso of vray tJiorapv wlifii thev h^^eame rcMsiant to ^IvUran therapv*. One 
received only vray thciapv The total vitamin content of the serum of these 
patients detreased consistcntlv with the rcdiiefion in the white hloml count, and 




Fiff 1 Fitr 2 

Flu 1_Vitamin B»* binding capacit> of 2< normal *** 1 ^ (average cur\e and standard 

«lc\ latlon’4) 

In Ftus 1 S, i S and C, th^ amount of vifar<iin Bx' hound t» represented by the difference 
bettreen the amount of tUnmin Bn added and the anuyunt of tifomin Bu recotered 

Fju 2_^V'ltamin lit binding capacity of 2C 8*ra of pati.*nts with chronic granulocjtj'’ 

l»-ukeml^ (A\eragfe cur^e and standard d'-vlatlon" > 

increased again when tlie number of leukoejtcs lose. In Fig. 3 (.1, B, and C), 
the binding capacities of the seta are repte-sented b\ one \ alue only. This is the 
amount of vitamin Bu hound h.v the sera at a dilution of 1:8. The choice of the 
serum binding eapacitv at tliis dilution «as arbitrary. Fig 4 shows the average 
curve and standaid deviations of the lesults obtained in these 13 patients when, 
after a course of JIvleran therap.v, their white blood count reached normal 
values In this sera, the total vitamin ranged from 350 to 1,860 ppg per 
milliliter the "Iree” from 0 to 216 The results obtained in the untreated 
chronic granulocytic leukemia are shown in the same figure for comparison 
Fiv e cases of acute Iv-mphcej-tic leukemia and 6 of chronic l.vmphocv-tie leukemia 
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in wliom the serviin content of vitamin B 12 varied from 140 to 860 jxixg per milli¬ 
liter for the total form and from 0 to 328 for the “free” form, were also studied 
with the method descril)ed above. The average curve and standard deviations 
of the results are shown in Fig. 5. 

In addition, the serum binding capacity was studied in 3 cases of acute 
granulocjdic leukemia, 3 cases of monocytic leukemia, and 6 cases of rintreated 
pernicious anemia. The curves obtained with the sei'um from these patients 
were all vuthin normal limits and are not reported here. 

In Fig. 6, the average curves obtained in normal, lymphocytic leukemia and 
chronic granulocjhic leukemia sera ai‘e shown together for comparison. 

DISCUSSION 

The simple vitamin B 12 determinations in our series of patients .showed 
results comparable with those obtained by others. Namely, there was an in¬ 
creased amount of total vitamin B 12 in the serum of patients suffering from 
chronic granulocytic leukemia, while in serum of patients suffering from acute 
and chronic Ijunphocytic leukemias, the values of total vitamin B 12 were within 
normal limits. 

■\^^len pure vitamin B 12 was added to the different tjiies of sera, a striking 
difference in the recovery of the substance was observed. The vitamin added to 
normal sera never became entirely unavailable to the microorganism, while the 
substance added to sera obtained from patients suffering from chronic granu- 
locjdic leukemia was often completely undetectable by assays even at the very 
high dilutions of sera. The sera of patients suffering from lymphocytic leukemia, 
acute or chronic, bound less vitamin than chronic granulocytic leukemia and even 
less than normal serum. The levels of “free” vitamin Bjo in acute and chronic 
hunphoeytic leukemia were elevated in comparison with those of normal and of 
chronic granulocytic leukemia (Table I). 

The high values of serum vitamin Bi- in chronic granulocytic leukemia de¬ 
creased progressively as the patient responded favorably, with lowering of the 
leukocyte levels, to treatment with either Myleran or x-ray therapy. When the 
number of white blood cells fell to normal values, the binding capacity of the 
sera also became normal. In Fig. 3, the index of binding capacity is arbitrarily 
represented as the amount of vitamin B ,2 recovered when 1 ml. of a solution 
containing 800 ja/ng of the substance was added to 1 ml. of serum diluted 1:8. 
It can be seen that the amounts of vitamin Bj- bound were higher when the 
serum levels of the vitamin were high, namely, during relapse when the leukocyte 
coiuit was more elevated. Comparison between the binding capacity curves ob¬ 
tained in patients before and after treatment shows a striking difference (Fig. 
4). Reduction of the total serum vitamin B ,2 and of the binding capacity was 
not observed regularly in patients whose disease was advanced and becoming 
clinically refractory to any treatment even though there was a fall in the len- 
koej'te count. This is in agreement with the finding of Mollin and Ross." 

These findings seem to support the hypothesis that the high levels of vitamin 
Bi 2 in chronic granulocjTic leukemia are in some way connected with the elevated 
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minibci lit loukncitcs The dtiu.iMil scitiiii \itniiiit> B, lunduig capacitx and 
the iniieiise of the “fiic’ foim in (hioiiie iMiipIioi\ti< Jinheniia suggest a le 
lutionstnp liotMeen tlu ahsinn ot giaiudoivtcs and diminisliod audit} of scimn 
fat utaniiri B," Ttn tniioiutainiiiosis olisencd in casts ot nonleuktinic lenko 
e\ tosis' ^ IS also in agiecinent n ilh tins eoiiiejit M cic sntJi tiie i ise, the i itamin 
should oiiginate fioiii tlic gianuloi \ Its oi the suhstanee should bet time liound, 
aftoi intestinal aiisniption to a iiiotiin lilieiateil ot jiioduced In tjie Jciikoeitcs 
This cvplanutiou seems to lie tin simplest out and if sudi a Inpothesis is e\ 
elvtdeil, the intei pietatiou of the plunoimtion of Inpeiutaminosis is nioie 
dillicult 

Xeieitlielcss iiiani otlui findings (iiiinot he evplaiued In these hepollieses 
Betiid and his nssoeiates'* ohseniel a eoiiilition hetiieeii leiikoeitosis and levels 
tif Mtaiiuii Bi 2 in the seium of ilitoiiit giaiiidoeeuie leiikemn iiatioiits hut this 
toitelafioii was not ludiiit in < ists oi acute leukemiis* Hams'' showed that 
noimal leiikoe\-tes tout an signifiiant ainounts ot utaiiiin Bi- hut Thomas and 
Atideison’" showed that the amount of eitamiii B,. in the leiikoiitcs of patients 
siitreiiiig fiom leukemia ts not iintensed Afoliii and lioss' weie iimihle to 
doinonstiati that the ImkoiMes wue the soiitce ot Mtamin Bi Thee showed 
that the leiikoeetes loiild leleise mateiial eapahle of hinding eitamin Bin 
Thomas and Andeison ' howeeei dimonsirated that leukeiiiie leukocefes do not 
dtffer fiom noinial leiikoeetes in thni eitaiiiin B|» hinding eapaeite If the in 
(teased seium leeel and the imieisid hinding eapaeite are (onneeted eeitli the 
picsenee of giauloeetos one would osiiect i deeiense of the suhstanee and of the 
htnding eapaeite in eases of aplastie aneim i or agi nnuloee tosis Xettliei of 
these phenomenn was howeeoi ohseieod lie Beaid et al * 'Mollin and Ross' oi 
In ouiselees 

Tn poinicious anemia the ourees of the hinding eapaeite weie noimal in 
spite of the loeeei eitamin B,n content of the seium and the leukopenia hYe 
oliscieed, moieoeoi that eehile the leeels of eitamin Br eare in geneial with the 
iluetuatioiis ot the leukoeete count in a miqlc patient, the eitainui B,. content 
IS not necessarile diroetle iclated to the niimbei ot gianulocetes in riieiilatioii 
In otliei woids, if two suh]cets liaee a loiikocete ooiiiit of 40 000 in one theie 
nine he a seium leeel of eitamm B,. of 2 000 ppg pci milliliter and in the otliei 
of 10 000 p/ig pei milliliter 'SVe liaee not ohsereed seium leeels highei than 
20,000 p/ig per millilifci eeon with estrciiio Iciikoce tosis 

Falling seium eitamm B,- leeels during tieatmeiif of chionic graniiloeitic 
leukemia seems to pniallel the dceicase m Itukoeetcs Onie oceasionalle a ciuos 
tionahle tiansient use of the scium eitaiinn B,~ could he obsened aftci imtiatioii 
of effectiee tieatiwcut followed he the fall ot the ealues This pheiioraeiiou 
would peihaps he of giiatii niagniUide if the eitamm B, oiigmited fiom the 
hukoeetes Peihaps the most lommcmg niguiiuiit against the giamiloietis as 
tile somce of seium eitamm B,. is the fact that hepeieitammosis is not limitid 
to chronic granulocetic leukemia but is found also m cases of cinhosis of the 
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liver,®’ infectious hepatitis,and polycythemia vera® in which diseases eleva¬ 
tion of the number of leukocytes is not an obligatory feature. The Autamin B12 
binding capaeitj’ of serum in these diseases was not measured. 

Rachmilewitz, Aronovitch, and Grossowicz’^ postulated that the increase of 
serum vitamin B12 in liver diseases is due to the release of the stored Autamin from 
damaged liver cells. 'While this is possible, the excess A’itamin Avould probably 
be rapidly excreted unless there Avere greater retention. Such increased reten¬ 
tion has been shoAvn to be present in chronic granulocytic leukemia" and is pre¬ 
sumably due to enhanced binding capacity of the plasma. Another interpreta¬ 
tion of this phenomenon is that in certain diseases and especially in chronic 
granulocytic leukemia, the plasma contains an abnormal protein or an increased 
amount of a normal protein AA’hich binds Autamin B,2. By means of electro¬ 
phoresis, it is possible to locate the zone AA’here vitamin B12 is bound. This is 
found at the level of the alpha -1 and alpha -2 globulins, both in normal and in 
leukemic sera." No qualitative differences could be demonstrated by this tech¬ 
nique. 

No differences in protein content can be detected betAveen normal and leu¬ 
kemic sera by the usual chemical means. NcA’crtheless, the possibility of mini¬ 
mal quantitatiA’e differences cannot be excluded since the amounts of A'itamin 
assayed are extremely small and the method used for the measurement of serum 
protein is, of course, much less sensitive than the microbiological method used 
for A’itamin assays.® An increase of the globulins has been demonstrated in the 
serum of chronic granulocytic leukemia^''^^ Avith more refined techniques. 

In conclusion, it seems that the phenomenon of hjqAervitaminosis B12 in 
chronic granulocytic leulremia can best be explained by assuming as is probably 
the case, that the cyanocobalamin is absorbed in noi-mal amounts, but in the pres¬ 
ence of increased quantities of a binding protein, apparently an alpha globulin, 
the A’itamin remains in the plasma until high levels are attained. The source of 
this binding material is unknoAvn. The hj-pothesis that the binding substance 
originates from the leukocytes deseiwes further inA’estigation. It is possible 
that the method for the measurement of binding capacity described in the present 
paper can provide an indirect estimation of this A’itamin B12 binding substance. 

SUMMARY 

A method for the measurement of binding capacity of serum for A’itamin 
Bi 2 is described. With this method, sei’a from normal subjects and patients 
suffering from chronic granulocj’tic leukemia, Ij’mphocytic leukemia (acute or 
chronic), and various other conditions Avere studied. The serum of chronic 
granulocytic leukemia patients shoAved an increase and that of lymphocytic 
leukemia patients a decrease of the binding capacity for A’itamin B12. 
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THE ARGINASE ACTIVITY OP ERYTHROCYTES AHD LEHKOCYTES 
YHTH PARTICULAR REFERENCE TO PERNICIOUS ANEMIA 
AND THALASSEMIA MAJOR 

John Reynolds, M.D., James H. Pollette, M.D., and 
William N. Valentine, jM.D. 

Los Angeles, Calif. 

A RGINASE has long been known to be present in various human tissues. 

This enzyme was first described in 1904,* and subsequent^ it has been 
identified in several human tissues including liver, breast, kidney, testes, salivary 
glands, epidermis, and erythrocytes. Its activity in liver has repeatedly been 
shonni to be greater than that of other tissues and many times that of blood. 
Krebs and Henseleit" established the importance of hepatic arginase in the 
cycle by which amino nitrogen is converted into urea during the catabolism of 
amino acids. The physiologic significance of arginase in other tissues has 
never been clearly defined. Arginase has long lieen considered one of the most 
specific of enzymes. It has been found in both the cytoplasm and nuclei of 
cells, but as yet there is no satisfactory histoehemical technique for its measure¬ 
ment. No attempt will be made to further summarize the existing knowledge 
about this enzyme since excellent reviews are available.® 

Several investigators have concerned themselves with the arginase activity 
of human blood. Weil and RusselP were among the first to demonstrate its 
presence in human erythrocytes. Covolo and West® concluded that red cell 
arginase activity varied with each individual. The results of Clark and Beck® 
suggested that there was no significant variation in the activity of this enzyme 
with aging or pregnancy. Kochakian and his associates* measured the activity 
of errthrocyte arginase in various diseases and were the first to point out an 
increased value in pernicious anemia, either untreated or in relapse. They 
further demonstrated that the erythrocyte arginase activity decreased pro¬ 
gressively as these patients showed hematologic improvement. They also sug¬ 
gested from their data that a diurnal variation in enzyme activity exists, that 
there is no relation of activity to meals, and that levels for a given individual 
were not constant when serial assays were performed over a year. 

Although the existence of arginase has been denied in human leukocytes,* 
the purpose of the present study was to assay human leulcocytes and erythrocytes 
for arginase in the normal as well as the abnormal individual, applying newer 
methods for the separation of formed element of blood. 

From the Department ol Medicine, School o£ Medicine. University of California Medical 
Center, and the Veterans Administration Center. Los Angeles. Calif. 

This investigation was supported by grants-in-aid from the United States Public Healtli 
Service (H-10691. Parke. Davis & Company, and the Ulady.s P. Bovvyer Fund. 

Kcceived for publication Jan. 3, 1957. 
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Ml iiionx 

p mituin Ilf < rMliroi ^ li v frw tu)tH\tcs win ftctonipli'ihi(l m the iinmitr prt 
NKHi'^U lit M nhrd' A 4 pr i m - liition of ho\mc fibrinoRCu (Sigma) found 

to proMd* optmml Melds Du .m , pr<<<rlure Mas carrud out in a cold room nt 

uuironriK fj{ tl lomperatun of I < Aff r sPdimciUntion oC the red ulh, the louhorjte 
rail supernatant pJasiii i was nspirntid l«iikoc^fos were separated from tlic platelets 
and plasm i 1)\ oentnfug itiou \t 1 000 r} n lor 10 minutes Thereafter, the Icukocjtes 
were washed twici with norinil 'ihiit PI« pn inuibation suspension of white cells was 
adjusted so ns to giM a find c II mi Mitnitim of 4”),000 to 50,000 per cubic millimeter 
This linal suspi nsiun w is thi n < om i I ii <pi ulrtiplu \tc u«ing Bureau of Standards' certified 
r» d cell jujiettes \n irMhro<M« iiinuatiou of about 50,000 cells per cubic millimeter 
was consnbnd insignifu mt in fir is n l<t<ctibte irgin isc activitj could bo demon 
slriitid on ri pc ited urgm i**! d im mil >n m ihis range of pure erjtlirocjte concentration 

The <rj(!iroc\tis win pr I m i shglitlj ditT rent waj After nspintion of 
the huUoeitis^ the reniaming irithriMt pla-<m i usptiision was washed twice with saline 
at centrifugation spuds of 1,")0o r p ni I’lai i i coiitamiintion was minimal Moreover, 
a«s^\ of highU concentrated jlitiiet vuspuisi s f ir argiimsc had previouslj gi\en negitive 
rcsultsii The crjthroc\to 8Us| u«Hm in «iln w is thin adjusted bj dilution to proMde 

« eoncintrntion of ] 0 to 1 i milhon <ell |<r tubic millimeter so that final colorimeter 

readings would fall within a range of optical <Un«itics conforming to Beer's law 4.fter 
qundruplicatL <ill counts had Ik i a t iKmi ilis siispMi«ioii ivas cintnfuged nt 2,500 rpm 
for 10 minutes, the supernatant «iIiim « nspnitid and discarded, and the original volume 
wns rcstori-d with glass lisullcd water ^enhe^ homogenization of cells ni distilled water 
nor addition of saponin npp ired to m nasc tlio cnzNUje Meld from white ceIJs Consc 
qucntlj the Icnkocitcs wcr*. intact m «aliiic suspension at the time of addition to the 
substrate B> wa^ of contrast, enrjme activitj of orjthrocjtcs was negligible unless these 
cells wtre hcmol^rcd in distilled water prur to incubation Addition of saponin failed to 
further inonasc irvtlirocato argiiii' aetnitj 

Argiiiase actnit' u is ditiruuneil In u modificition of the methods of Kochakian' 
nnd Kingslcj 12 The following rcigents were used 

1 L arginine monoh>dro hlonde, 0 0l7 M (1 per cent) solution in glass distilled 
water, pll adjusted to 0 0 

2 Dicthylbarbiturate buffer, pH adjusted to 0 9 

3 Cobaltous chloride, OOOl'i At solution m gla's distilled water 

4 Hydrochloric acid, 0 3 Is 

5 Phosphate buiTcr (3 parts 02 M KH^PO^ to 7 parts 02 M Na^HPO^ solution) 
The pH must be adjusted to a point (ca 12 0) so that addition of 1 0 ml of tins buffer 
to the arginaso digest will lower the pH of the resultant mixture to 7 0 

6 Urease solution (1 0 Gm of urease, 1 5 Gm of Perrautit, and 15 Gm of sodium 

chloride arc brought to a volume of 50 ml with glass distilled wafer, mixed by sliaker for 

30 minutes, allowed to stand at room temperature for 2 hours, filtered through AVlntman 
1^0 42 paper and adjusted to pH of 7 0) 

7 Stock standard urea solution (400 meg of urea N per milliliter) 

8 Acid cadmium sulfate solution (5 77 Gm of 3GdSO^ S H^O and 28 2 ml of 

1 NH^SO are brought to a volume of one liter with distilled water) 

9 Sodium hydroxide 11 N 

10 Ncssler's Reagent 

For each determination 2 unknowns, a blank and a standard were run Each unknown 
incubation mixture consisted of 2 0 ml of arginine solution, 1 0 ml of barbiturate buffer, 

0 25 ml of cobaltous chloride solution, and 0 75 ml of glass distilled water After 
equilibration in a water bath at 38’ C, 10 ml of cell suspension was added to each unknown 
'I he blank contained the same constituents except for tlie addition of 1 0 ml of 0 3 N HCl 
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Upon addition of the cells the blank tube was placed in a boiling water bath for 5 minutes 
in order to arrest all enzyme activity. The standard solution differed from the blank only 
by the substitution of 0.75 ml. of stock urea standard for glass-distilled water. 

After addition of the white cells or the laked red cells, each solution was thoroughly 
mixed and incubated in a 3S° C. water bath for 6 hours. Mixing at half-hour intervals 
was necessary to prevent settling of the protein eoagulum. Each test tube was covered 
with a spherical marble to minimize diminution of volume by vaporization. At the end of 
6 hours the arginase was inactivated by adding 1.0 ml. of 0.3 N HCl, mixing, and immersing 
the unknown test tubes in a boiling water bath for 5 minutes. SuflScient time was allowed 
for cooling before the addition of 1.0 ml. of phosphate buffer. A heavy brown precipitate 
was then formed by thoroughly mixing and was discarded after centrifugation at 2,500 
r.p.m. for 10 minutes. The resulting supernatant could be saved for at least 3 days in a 
cold room or refrigerator before exposure to the action of urease. 

In order to measure the urea so formed, 3 drops of urease solution were mixed with 
a 0.5 ml. aliquot of each unknown, blank, and standard supernatant, preheated in a 
water bath at 38° C. After frequent shaking throughout, this incubation was terminated 
at the end of 30 minutes by addition of 8.5 ml. of acid cadmium sulfate solution. Calibrated 
syringe pipettes were found useful for this purpose. After one minute 1.0 ml. of 1.1 N 
NaOH was added. The resultant mixture was shaken thoroughly to enhance flocculation and 
then allowed to stand 10 minutes before centrifugation at 2,500 r.p.m. for 10 minutes. 

Final determinations were made in a Beckman Model-B spectrophotometer, using a 
blue lamp and wave length of 540 mg. A 2.0 ml. aliquot of each clear supernatant was 
pipetted into spectrophotometer tubes. Nine milliliters of distilled water was then added 
by calibrated syringe pipette to each tube and carefully mixed. One milliliter of Nessler’s 
reagent was added, and the optical density of the resultant amber solution read within one 
minute to avoid spurious readings caused by flne colloidal turbidity. 

Tlie values for arginase activity were expressed ns milligrams of urea nitrogen per 
1010 W.B.C. or per lOn R.B.C. liberated in one hour from arginine substrate at 37° C. 
The figure for erythrocytes was chosen in order to avoid decimals below unity. 

RESULTS 

The erjUlirocyte and leultocjde unit cell arginase values are presented in 
the form of scattergrams (Figs. 1 and 3) in order to reflect the differences 
among several disease groups. 

Erythrocytes.—Normal subjects: These were comprised of patients hos¬ 
pitalized for elective surgical conditions such as herniae and for chronic non- 
hematologic disorders such as arteriosclerotic brain disease. These patients were 
studied before surgery and all were in apparent good health apart from some 
nonsystemic disease. All patients tvere adults, and the majority were men. No 
attempt was made to analyze the results ivitli regard to sex or age. Subjects 
were considered “normal” only if their hemoglobin, wdiite blood count, and 
differential white blood count were within normal limits. Twenty-four such 
subjects were studied and values ranging from 0 to 46.2 mg. per 10” K.B.C. 
were observed. The mean value was 21.0. In several instances repeat deter¬ 
minations were found to agree closely with .the original value. All but 3 of 
the values fell within a range of 9.0 to 36.0, although it is quite probable 
that an increased number of normal subjects would show a someivhat greater 
spread. The normal mean erythrocyte arginase activity per unit cell Avas 
found to be about one-fiftieth that of normal leukocytes. 

Pernicious and other nutritional macrocytic anemias: Sixteen patients 
with megaloblastic anemia (Table I) were studied while in hematologic relapse 
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Upon addition of the cells the blank tube was placed in a boiling water bath for 5 minutes 
in order to arrest all enzyme activity. The standard solution differed from the blank only 
by the substitution of 0.75 ml. of stock urea standard for glass-distilled water. 

After addition of the white cells or the laked red cells, each solution was thoroughly 
mixed and incubated in a 38° C. water bath for 6 hours. Mixing at half-hour intervals 
was necessary to prevent settling of the protein coagulum. Each test tube was covered 
with a spherical marble to minimize diminution of volume by vaporization. At the end of 
6 hours the arginase was inactivated by adding 1.0 ml. of 0.3 N HCl, mixing, and immersing 
the unknown test tubes in a boiling water bath for 5 minutes. Sufficient time w'as allowed 
for cooling before the addition of 1.0 ml. of phosphate buffer. A hear-y brown precipitate 
was then formed by thoroughly mixing and was discarded after centrifugation at 2,500 
r.p.m. for 10 minutes. The resulting supernatant could be saved for at least 3 days in a 
cold room or refrigerator before exposure to the action of urease. 

In order to measure the urea so formed, 3 drops of urease solution were mixed with 
a 0.5 ml. aliquot of eacli unknown, blank, and standard supernatant, preheated in a 
water batli at 38° C. After frequent shaking throughout, this incubation was terminated 
at the end of 30 minutes by addition of 8.5 ml. of acid cadmium sulfate solution. Calibrated 
syringe pipettes were found useful for this purpose. After one minute 1.0 ml. of 1.1 N 
NaOH was added. The resultant mixture was shaken thorouglily to enhance flocculation and 
then allowed to stand 10 minutes before centrifugation at 2,500 r.p.m. for 10 minutes. 

Final determinations were made in a Beckman Model-B spectrophotometer, using a 
blue lamp and wave length of 540 mg. A 2.0 ml. aliquot of each clear supernatant was 
pipetted into spectrophotometer tubes. Nine milliliters of distilled water was then added 
by calibrated syringe pipette to each tube and carefully mixed. One milliliter of Nessler’s 
reagent was added, and the optical density of the resultant amber solution read within one 
minute to avoid spurious readings caused by fine colloidal turbidity. 

The values for arginase activity -nere expressed as milligrams of urea nitrogen per 
lOio IV.B.C. or per lOtr B.B.C. liberated in one hour from arginine substrate at 37° C. 
The figure for erythrocytes was chosen in order to avoid decimals below unity. 

RESULTS 

The erythrocyte and leukocyte unit cell arginase values are presented in 
the form of scattergrams (Pigs. 1 and 3) in order to reflect the differences 
among several disease groups. 

Erythrocytes.—Normal subjects: These "were comprised of patients hos¬ 
pitalized for elective surgical conditions such as herniae and for chronic non- 
hematologic disorders such as arteriosclerotic brain disease. These patients were 
studied before surgery and all were in apparent good health apart from some 
nonsystemic disease. All patients were adults, and the majority were men. No 
attempt was made to analyze the results with regard to sex or age. Subjects 
were considered “noiTnal” only if their hemoglobin, Avhite blood count, and 
differential white blood count were within noiTnal limits. Twenty-four such 
subjects were studied and values ranging from 0 to 46.2 mg. per 10'^ R.B.C. 
were observed. The mean value was 21.0. In several instances repeat deter¬ 
minations were found to agree closely with.the original value. All but 3 of 
the values fell within a range of 9.0 to 36.0, although it is quite probable 
that an increased number of normal subjects would shoAv a somewhat greater 
spread. The normal mean erythrocyte arginase activity per unit cell was 
found to be about one-fiftieth that of normal leukocytes. 

Pernicious and other nutritional macrocytic anemias: Sixteen patients 
with megaloblastic anemia (Table I) were studied while in hematologic relapse 
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01 4\i tliL tiiiK or Iiiitntion of appiopiial* ticatniciit rouitccn ol tlicsc wcic 
(onsidciul to txlnbil t\pical Addisoniiii ju inu!OlI‘^ ainniii In Mitue of hista 
mint aintulitj, a hono nunow showiiiij l\pu il ?in«? ilohl ists a distinct leticii 
loc\lo icsponsc to eithci li, oi lolic acid tlici ip\ uul in se^cI il instnnces 
chaiactcnstic focal oi uniuii^ eviction pattdiis ot ladioactuc cobalt, as 
dosciibed in the methods of Ilenile” and Schilling'^ Two patients suftered 
fiom regional ontciitis compileiled In iiuiltiiile surgical pioceduics Both 
slioned free Indiochloiic acid at the time of gastiic aniUsis and both le 
sjiondcd ^\cll homatologicallN to patenicial admmistiation of \itamin B,» 

Tlic values foi onthioc^tc argiiiase of these 16 patients tinged fiom >02 
to 107 ^Mth a mean of 105 4 As can be seen from the scattcigiam all ^allies 
aic \\cll in c\ccss of that of the highest noimal subject The mean ot tlic un 
ticated mcgaloblnstic anemias is moic than 5 times tint of normal subjects 



Fig 2—Progressive lowering of er>tbroc>te arginase activity in two different patients 
with pernicious anemia One received only vitamin Bw and the other received only folic acid 
iluring the period of stii 1> I aoh point reprecent^s n separate arginase 1 enioglobin and 
reticuiocjte determination 

Eight of these pitients weic followed scriallj otei peiiods up to 90 dass 
as thej were recenmg tieatment One patient, who showed no signs of sub 
acute combined sjstem disease was puiposeh placed on folic acid theiapt foi 
a peiiod of one month m an attempt to compare his arginase response to that 
of patients receu iiig \ itamiii Bi- therapeuticalh He de\ eloped a t' pical i eticu 
loeite and hemoglobin lesponse while on folic acid (Fig 2) as well as a pio 
giessne diminution ot erithioeitc aiginase actiMti In all instances of seiial 
determinations a piogicssne dimiiintion ot the aigmase lalue occuiied he 
ginning between the second and fonitli week of theiapi The ieticiiloc^-te, liemo 
glohiii, and arginase icsponse to \itamin B,. thciapi of anothei patient ivith 
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typical pernicious anemia in relapse is sliOAvn in Fig. 2. This response typifies 
that of the other patients studied serially in this fashion. The first posttreat¬ 
ment arginase value was higher than the pretreatment level in 2 other patients 
who were followed seriallj\ 

Four cases -with both subacute combined system disease and Addisonian 
pernicious anemia proved in each instance by histamine anacidity, megaloblastic 
bone marrow, and approi^riate hematologic response to vitamin Biz were studied. 
Each had received continuous hematinic therapy for periods ranging from 2 to 
6 years. All 4 patients yielded values (18.2, 11.2, 9.1, and 4.2) comparable 
to those of normal subjects. 

Thalassemia: Five cases of thalassemia major showed a range of 55.7 to 
114.9 with a mean of 84.6. All 5 of these determinations were obtained through 
the cooperation of Dr. Phillip Sturgeon. The essential data on these 2 groups 
of siblings is shown in Table II. It is of interest that fetal hemoglobin deter- 


Table II. Erythrocyte Arginase in Thalassemia Major 


PATIENT 

HEMOGLOBIN 

(gm. period ml.) 

E.B.C. ARGINASE 
(MG. UREA n/1011 R.B.C.) 

Es.C. 

10.6 

87.9 

Ed.C. 

9.4 

85.3 

T. C. 

9.4 

55.7 

Ch. L. 

8.8 

114.9 

Co. L. 

9.2 

79.2 


minations were relatively higher in the first 3 patients than in the last 2, al¬ 
though all 5 were distinctly elevated. The parents of both groups of children 
had been previously studied and shovm to possess a microcytic hypochromic 
blood picture consistent ivith thalassemia minor. 

Twelve patients with thalassemia minor were included in this study. In 
all instances the red cell morphology by "Wright-stained smears appeared hj^oo- 
chromic and microcytic. The majority of this group were of Mediterranean 
origin, and in several instances evidence of similar findings in other members 
of their immediate families was available. Ked cell indices in all cases confirmed 
the liA-pochromic mierocjtosis, although the mean corpuscular hemoglobin con¬ 
centration (M.C.H.C.) values were generally considerably higher relative to the 
mean corpuscular hemoglobin (M.C.H.) value. It was felt that in this respect 
the pattern of their indices was in distinct contrast to that of chronic iron de¬ 
ficiency anemia in which greater depression of the M.C.H.C. is usually seen. 
As shown in the scattergram, a considerable range exists between the maximum 
and minimum erythrocjde arginase values for patients with this condition. The 
lowest value was 13.5, and the highest was 89.2 with a mean of 36.3. Slost 
values were therefore within the normal range, though the mean is somewhat 
high. 

Iron defcicncy anemia: Fine individuals with histories of recent or chronic 
blood loss or with anemias responding promptly to therapeutic iron were 
studied. The arginase values under these circumstances range from 2.7 to 
22.0 with a mean of 11.5. The scattergram emphasizes that there is less spread 
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niid n lo\\cr mean ^alue when thib gioiip js compared njth that of thatassemia 
minor One patient was a Jt> \< u old woman with unexplained melena who 
presented with a liemoglohin ol >9 Gm per 100 ml Her initial smear showed 
marked hjpochromia and mmoexlosis, and the erjthrocjte indices xvere 
caleiilatcd as.HCV, 71, MCII IS and JICHC, 2G The patient’s bleed 
iiig ceased spontaiicoush, ind m the absence of tiansliisions her hemoglobin 
rehirned to a laliic of 131 (im wiih a maximum refieulocjtosis of 79 per 
cent on oral iron thcrapx o\ti a peiiod of G months Hei arginase value was 
4 3 An S month old male infint without exidcnce of blood loss but xvith an 
uiiciiimocal dietarj historj of maiked non deficienev was studied when his 
hemoglobin xalue was 4 2 6ni [»ii fOO ml Erxthiocytes appeared markedly 
hxpoehiomic and miciocxtie on binoar His cijthrocjtc arginase xvas 115 
Hue paticnfs exhibited non deficionij iiicmn as a result of gastrointestinal 
bleeding fiom duodenal uleeis nniltipl ilangieetascs, and hemorrhoids Then 
arginase \alucs were 2 7, 6 8, 13 2, 18 o and 22 One woman with long standing 
hjpopaiathjioidism accompanied In an non deficiency anemia showed an 
ciythrocyfe arginase aetnity of 15 3 In a child with a patent ductus 
arteriosus, whoso scrum non was 10 5 pg an aigimse xalue of 6 8 xxas obtained 
Ancmio of a^o/cinui In xiew of the findings of Liener and Sohultze” 
that cxcessno Inei arginase actiMtx m uremic newborn rats could be re 
xersed b\ the addition of vitamin Bu m xivo, examination of patients with 
uremia and/or chrome renal disease seemed pertment Fixe such patients 
were studied and showed arginase values ranging 5 3 to 113 xvith a mean 
of 8 5, as shown in the seattoigram The clinical diagnoses in this group 
included chronic pyelonephritis, chronic glomcrulonephntis, arteriolar nephro 
sclerosis (2 patients), and malignant nephrosclerosis All 5 patients were 
modeiatcly anemic and all showed nitiogcn retention Their blood uiea nitrogen 
xalucs ranged between 31 and 1C8 mg per 100 ml The arginase activity 
of erythiocytes in patients wath azotemia correlated wath neither the severity 
of anemia nor degree of nitrogen retention 

UcmolyUc anemia Eight patients ivith various frank hemolytic anemias 
xvcie studied There were two cases of idiopathic acquired hemolytic anemia 
both of whom had previously been splcnectomized, one of congenital hemolytic 
jaundice, two of paroxysmal nocturnal hemoglobmuria, one of nonspherocytic 
hemolytic anemia and porphobilinogenuna, one of a severe hemolytic anemia 
secondary to Hodgkin’s disease, and one of a hemolytic anemia associated 
with my elofibrosis and myeloid metaplasia Some of these patients had in 
the past required transfusions, but in no case had blood been given within 
a month of arginase determination The possibility that a small proportion 
of tho red cells sampled were foreign to the recipient must still be considered 
The scattergram depicts the range of 0 to 30 9 found in the hemolytic anemias 
and the mean of 14 4 It is of note that one of the patients with idiopathic 
acquired hemolytic anemia, whose arginase value was 30 9, showed a reticulo 
cytosis of 38 per cent The patient with myelofibrosis and myeloid meta 
plasia, whoso arginase was 11, was of unusual interest in so far as his 
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differential count revealed 396 nucleated eiytliroeytes per 200 white blood 
cells. It should not be inferred that the arginase activity of nucleated red 
cells is wholly included in the measurement of erythrocyte arginase, since 
the majority of tlie former cells an' jJrobably removed at the time of separation 
of the leukocyte plasma phase. 

Leukemia: The erythrocj-te arginase values of 9 cases of leukemia, aU of 
Avhich Avere anemic, are shoAvn on the scattergrain. One case of acute hlastic 
leukemia Avith an arginase value of 12.9 is included. Three cases of chronic 
lymphatic leukemia Avere found to have arginase values of 11, 4.9, and 33.3. 
The 5 cases of chronic mj-eloeytie leukemia Avere selected on the basis of 
peripheral smears, hone marrow picture, Ioav leukocyte alkaline phosphatase 
Amlue,^" clinical course, and autops 3 ’- findings. Values for erjTlirocyte arginase 
of 57.1, 52.1, 44.3, 22.2, and 0 AA'ere found in this group of patients. Three 
of these A'alues for chronic mA'eloc3’tic leukemia are aboA’c the mean of normal 
subjects. 

Polycythemia vera and myeloproliferative disorders: Pol 3 'C 3 dhemia Amra 
and certain in 3 mloproliferative disorders not considered to be either polyc 3 ’’themia 
or leukemia are arbitraril 3 ' grouped together as a matter of convenience. 
Four cases were considered t3’pical of pol 3 'C 3 'themia vera and shoAved arginase 
values of 59.1, 12.3, 8.7, and 7.1. The highest of these is noteAvorth 3 " in that 
he exliibited the anemic and leukemoid phase of liis disease at the time of the 
arginase determination, Avhereas 2 3’ears previousl3’^ he demonstrated the classical 
features of po] 3 *c 3 ’t]iemia vera and had, therefore, received internal irradia¬ 
tion Avith The other 6 patients include 3 of idiopathic myeloid metaplasia, 

m3’elofibrosis Avith m3'cloid metaplasia of the spleen, and one of osteosclerosis, 
^ftmbling Albers-Schonberg disease. All 6 of these patients Avere moderatel 3 ' 
’■eraemic. Their eiythroc 3 de arginase Amines Avere 42.6, 29.9, 7.3, 24.9, 0, and 30, 
respectivehv. The eiythrocyte arginase activities of this arbitraiy group are 
.shoAvn in the scattergram. 

Abnormal hemoglobins: Free patients Avith abnormal hemoglobins Avere 
studied. In addition one specimen of cord blood (ordinarily high in hemoglobin- 
F content) Avas obtained at the time of normal deliAmiy. The hemoglobin- 
opatlues included 2 patients Avith siekle-cell trait (S-A), one with classical sickle¬ 
cell anemia (S-S), one AAuth sickle-cell hemoglobin-C disease (S-C), and one 
with siclde-cell hemoglobin-D disease (S-D). The last mentioned patient has 
been reported separateh’ by Sturgeon and co-Avorkcrs.^‘ His arginase value 
Avas 44.2, Avhile those for the cord blood and the patients Avith siekle-eell trait, 
hemoglobin-S-C and homozygous-S, A\mre 18.5, 1.8, 0, 34.5, and 16.6, re- 
spectiA'olj’. Tliese Amines can be seen on the scattergram. 

Miscellaneous: The erythroe 3 'te arginase values of 20 patients Avith various 
unrelated disorders are shoAvn in the scattergram. The majoritj’ of these 
patients Avere mildl 3 ' to moderatel 3 ' anomic. The highest value in the miscel¬ 
laneous group (56.8) Avas obtained from a patient AAUth Laennee’s cirrhosis, 
jaundice, ascites, and anemia. Three cases of diabetes mellitus and 5 anemias 
of infection had normal arginase A'alues. Other diseases in Avhich normal 



87 


Ulume^o \IOINASI VCTIMT^ OI UlTHKOCiTI^ \^D 11 UKOCl fl-S 

N mber I 

\aliics foi ti\tliHK\lc aigiiiiiii- wtie oblaimd iticlude multiple iiucloma, 2 
leukuuoid ua( turns 4 cases ot puman icliatlon anemia, acute intciimttent 
poiplnna, and nutastatic Inpciiuphioina ()m patient in the misullinoous 
jjioup Mas sehtted foi stiuh hiausc ot a lailuit to absoib ni oial tracer dose 
ot CO labilid \iinmm IJ, ptt>bi!)l\ (onditiomd b\ total gastintomj 2 \cais 
euliei Although this ijatienl hid not loetnid Mtamin Bjo oi iolic aeid 
pioplnlaetualh no signs ot aminia had d(^clopcd AIokomi liis aiginaso 
sa\\u o? 2 IS lompnabK \v> oi noimd subjteib and in\K bt\in\ the 
minimum among patunts uith untitatid megaloblastic anemia 

LnO oc\iir\ —Tin icsiiltb of leukooti aiginasc deteiminations in ^a^lOlls 
disoidcis aie loinisdited In anotlui scittoigiam (Fig 3) Noimal subieets 
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Fie 3_SC'ittprsranj of arglnasc activity of I ulcocjtes obtained from normal human «!iib 

Jects and subjects wjth >arlous disease states L-ach dot lepic'^ents a different patient \alues 
for arfflnase actl\ll> are expressed milligrams of urta nitrogen liberated per 10’" leuko 
cytes 

weie selected m the same mannei as for cijthrocjto detciirunations Leukocyte 
aiginase values ucic cNpiossecl m tcuns of milligiams of uiea nitiogcn per 
10“ lYBC The mean of 22 noinnl nidiMduiils v%as 1031 The numbei of 
cases of leukemoid leactious -ncic too fen to justify the coiiclubioii that the 
mean of 237 repicseutcd a significant mciease oici the noimal Tlic scatter 
giam cmphnsizes the nidc spind of aigiiiaso lalues in noimals chionic 
iinelocjtie leukniiia, pohcjthoiuii iria and otlici imtlopiolifciatne disoideis 
niteetions, and othci Irukotjloses No significant diftcicnees iii leukocyte 
aigiiiase aetivitv among these disoidcis could ho iouiid In addition one case 
of each of the following diseases f iiled lo disclose a significant dc\ latioii from 
the noimal thalassemia mmol, rheumatoid aithiitis, infectious mononucleosis 
Mithout lymphocytosis, Hodgkin’s disease, and pernicious anemia Two othci 
cases of pernicious anemia revealed leukocyte argmase activities of 289 and 
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374. The very low values in all 5 cases of chronic lymphocj^tic leukemia are in 
distinct contrast to the other diseases plotted in the scattergram. In addition, 
2 patients -with acute blastic leukemia showed negligible leukocyte arginase 
activity. With the exception of these last 2 diseases, no consistent aberration 
from normal was observed in any of the disorders studied. 

DISCUSSION 

Whereas investigation of eiythroeyte arginase activity showed significantly 
higher values in pernicious anemia, nutritional inacrocytic anemias, and thalas¬ 
semia major than in normal individuals and other types of anemia, no such 
difference was found for leuliocyte arginase activity in various disorders. 
The most striking finding was the confirmation of the work of Koehalrian and 
his co-workers,^ in wliich a uniformly elevated erythrocyte arginase activity 
was found in pernicious anemia in relapse. AVe were able to add to this the 
impression that in other untreated nutritional inacrocytic anemias some or all 
of the red ceU population possesses increased arginase activity. In 2 patients 
vdth nutritional maeroejdic anemia associated with regional enteritis this 
was found to be true. In these eases, however, there appeared to be a vitamin 
Bi 2 deficiency, as is true in Addisonian pernicious anemia. Kochakian’s work 
was further confirmed in so far as the initially high erjdhrocyte arginase 
activity returned to normal gradually as vitaihin B 12 administration induced 
hematologic improvement. In one patient the same sequence of gradual lower¬ 
ing of arginase activity during the first month was noted when folic acid was 
used instead of vitamin Bu. The effects of citrovorum factor were not in¬ 
vestigated, although it is predicted that siihilar results would have also 
occurred with administration of this substance. The exact time of reversal 
of the elevated arginase activity toward normal after the initiation of vitamin 
Bi 2 or folic acid is difficult to predict. This generally occurs between the 
second and fourth weeks. Some patients still showed slightly increased enzyme 
activity after one month of therapy. It is likely that these patients at the 
end of 6 months would have yielded normal values. Four cases of proved 
megaloblastic anemia, all treated satisfactorily for periods well in excess of one 
year, showed normal erythrocjde arginase activity. Disproportionate amounts 
of unit cell arginase in the total red cell population of an individual may 
explain the variability in the time required to restore the arginase value to 
normal. Erythrocytes formed during a deficiency of vitamin B 12 appear to 
contain excessive amounts of arginase. Since the destruction and cessation 
of bone marrow release of such cells are not necessarily constant among different 
individuals with pernicious anemia receiving treatment with vitamin Bu, 
the amoimt of arginase activity after a constant time interval also varied with 
the patient. In 2 of the 7 patients that were followed serially, the er 3 i;hrocyte 
arginase activitj' of the second specimen, dV^ivn one week after onset of 
vitamin Bn therapj-, exceeded the initial base-line value by 31 and 16 per cent. 
A similar phenomenon was not necessarilj’’ excluded in the other patients in 
so far as successive arginase determinations were relatively infrequent in most 
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of tlie pntients studied It < m >nl\ be suggested that this inciease in enzjino 
aetiiiti soon aftci the oiisit < I th lapi inij hate been lelatcd to a mole lapid 
bone niniioii leleasc of abnon d <ells iihieh had iindcigone most of then 
mcdiillan deielopmcnt jnioi tf iilamni B,. theiapi 

A positnc eoiiclatimi hctnein tin nitensitj of ei-jthiocjtc aigmase activitj 
and seicnty of anemn in turns u luinoglobin of \cnous blood is appaicnt 
onh in cases of megalohl.istu nmni i The highest laliic thus fai encountered 
was noted in a pitient wliosi lumoglobin uas 27 Gm per 100 ml at the time 
of admission foi megahibl islii anemia folloiiing rescctive and short circuiting 
siii-geii foi regional uitmtis I se of a suspension count of 500,000 EBC 
pel cubic millimeter i illu i th m the uistimiaij one of about 1,000,000 pionded 
an eien highei final unit nil aetniti of 20G in this paitieiilai case The 
eiithiocjte aigiinso aMiiiU of the lest of the eases of pernicious and other 
maciocjtic anemns teiide 1 to be bigbei «ben the degicc of anemia lias moie 
seiere The most am mu of the 5 patients uitli thalassemia major in teiins 
of licnioglobiu pioiided tie highest aigmase laliie in this small group Such 
a coiielation could cisih be due to chance Ceitainlj no consistent relation 
ship betiicon hemoglobin and aigmase is eiident in the other conditions studied 

Since it is not known uhethei the argmase piesent in red cells bears a 
lolationslup to stioma, hcmoglobm, oi some othci moietj, final e\piession ot 
cnzjnio actiMtj in teniis of a unit cell was elected tVe iceognize that the size 
of erjthiocitcs in peinieioiis anemia ustiill} considciably exceeds that of the 
normal This difTcienco m size, lioweici, could in no way account foi the 
eleiatcd argmase actniti of patients with niitiitional maerocitie anemias 
iclatuc to that of noiiiial mdiMdiials In fact, the obsenations of Kochakian 
and Ills associates' are in close agicement wnth ours with respect to high eljthio- 
cjte argmase actiiitj in pcimcious anemia, despite seieial diffeicnces in 
method Among these was the addition of a given volume of erjthrocjtes to 
the incubation mixtiiie rathei than of a given number of colls, as done in the 
present studj 

The findings in Cooley’s anemia were almost as striking as those in 
pernicious anemia In both conditions a consistently marked elevation of 
argmase activity of icd cells occurred m eompanson to a group of normal 
patients and to seveial other anemias The finding of elevated levels of this 
enzjme in the cijthrocjtcs of 5 out of 5 cases of thalassemia majoi does not 
allow one to conclude that such an obseivation is tiiie m every patient with this 
disease Many additional determinations would bo needed to settle this point 
Unfortunately, the larity of Cooley’s anemia in the Los Angeles aiea is a 
hindrance to statistically significant figures In contrast to thalassemia major, 
erythrocjtes of patients with thalassemia minor showed a variable pattern of 
argmase activitj', ranging from normal to a few distinctly elcv ated values 
Because of the overlap erjthrocytc argmase deteiminations as a clinical tool 
would not appeal to offer any value m distinguishing between a scveie thalas 
semia niinoi and very mild thalassemia major 
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No explanation can Ije offered as to the reason for higli arglnase values 
in pernicious anemia and thalassemia major nor for the similarly high values 
in these two particular forms of severe anemia. A deficiency of vitamin 
and related substances has never been demonstrated in thalassemia. There 
is a striking similarity in erythrocyte morphology and in resistance to iron 
therapy between thalassemia and the exi)erimental anemia in pyridoxinc-de- 
fieient animals.’® Vitamin Be, however, has been administered to patients 
rvith thalassemia major without hematologic benefit.’'’ Experimental pyridoxinc- 
deficiency anemia in humans has been produced only with great difficulty."” 
j\Iore recentlj" a well-documented instance of severe anemia responding to 
parenteral vitamin Be has been reported.-’ Certainly a relationship betAveen 
the arginine-ornithine-urea cycle and pyridoxine has been svrggested in the 
work of Iilelleniy and his collaborators.-- They have repeatedly found that 
the fasting blood urea level is abnormally high in vitamin Bs-deficient rats. 
Of equal significance is the observation of Licner and Schultzc,’-’ Avho found 
that vitamin B 12 seemed to bear a similar relation to urea formation. The 
offspring of rats reared on a diet of crude plant material were uremic at 
birth but eonld he cured by the addition of vitamin Bij. It has been suggested 
that both of these observations snjAport a view that both vitamin Bn and vitamin 
Bfi enhance the utilisation of circulating amino acids for pr'otein synthesis. 
Of particular interest is the ohscivation that Liener’s uremic rats also demon¬ 
strated distinctly elevated hepatic avginase values before they received vitamin 
Bi;.’® HoAvevei', A\'hile both vitamin B 12 and pj^ridoxine deficiency appear 
in some experimental situations to result in increased blood urea values and 
Nvhile avginase is an important enzyme in the metabolism leading to urea forma¬ 
tion, no reason for high arginase values in these Bvo types of anemia is clearlj'- 
present. While certain similarities exist 'between thalassemia- and pyridoxine 
deficiency anemia, it should he emj>hasized that no' relation of pyridoxine to 
the defect in ihalass677iia has ever heeii de7nonstrated. It is of interest, how¬ 
ever, that of the wide variety of anemic states studied for arginase activity, 
onlj' anemias due to vitamin B ,2 deficiency and the anemias of thalassemia 
show the marked depaifure from normal. 

In view of the morphologic similarity between the erythrocytes of thalas¬ 
semia and those of iron deficiency states, it was considered important to assay 
arginase activity in both of these groups. The normal or possibly low values 
of iron deficiency are in contrast to the elevated levels of thalassemia major 
and the M>metimes elevated levels of thalassemia minor. The complexity of 
the met Ik lit for determining arginase does not justify proposing its use as a 
tool in the differentia! diagnosis of thalassemia and iron deficiency. 

Althiuieh it was not possible to study au.v patients exhibiting hemo- 
globinopaVhu^ involving combinations of other abnormal hemoglobins with the 
thalassemia mne, erythrocyte arginase determinations were done on cord blood, 
homozygous siekle-cell, sickle-eell heraoglobiii-C, and sickle-cell hemoglobin-D 
bloods. The only hemoglobinopathy showing an elevated arginase value Avas 
sickle-cell hemoglobin-D disease, and this Avas only Amry moderate. The rarity 
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ot this tlisdulu uould in<iKe tiiitlui eoiifiiin ition ot tins fmdinj' in ntlm 
]) i1h nts dilTitult H((.nis( ol tin siiniliititA ot inoil)ct^\^on lienioj^lobiii 

II dis(.is(, lliahissimn nnnoi and non d(^ul^l^•^ ainnni, aijrm.isc 

a^sns in tin Ininui disindn would In ol intmst TIil oiiKinal d(sciij)tion 
ol lieniutrlobin-JI distav <hnatlui/is this condition as a Inpoclnomic micio 
evtu anemia uiiattoM to luui lluiapx, witli icticulo(\tosis splcnoniegah, 
decH is(d osmotic fiagilit\ to Inpotonu saliiu and diminished ledcoll sui\^\al 

Otlni conditions in which (i\thio(\tc aiginast was loiind to be slighth 
higlici (Imn noimal w»i< dironu m\cloc\tK IciiKimia and the anemia of 
tliionu Inci disease Ihui ot the “> piticnts witli oliiomc nncloe\tic leiikemn 
that wen studied sliowcd soimwhat cIc\atod \aliics None ot these patients 
wcie undei tieatmeiit witli antitedic aeiel agents An cvplnnation foi this 
obsenation cannot tluiefoie lie loaehh made It is possible that a defect 
in cithci folic acid oi \itainin metabolism existed in the patient with anemia 
ot Ii\ci disease Onh enie otliei simdni ease was studied and in this paiticulai 
instance the ci\thu)c\te niginaso \nliK was nonnal 

The icsults ol leukoc\to niginaso assa\s in \auous hematologic disoideis 
WLic mucli less icmaikable than tliosc of cntluoc\te aigiinse It would appeal 
liom out d It a that Ixitli noim il and diseased Icukoe\ tes possess definite aigmnsc 
nctl\it^ III no paiticuhi disouUi did lcukoc\tc aigmase appeal maikedh 
Ol consistcnth cluatod «ibo\e tiiat oi iioimal controls In chionic Ijmphatic 
leukemia nitectious luoiionuelcosis acute leukemia and the teimmal blastic 
phase of chioiiie iincl{)(\tic {eukemia leukoe^tc arginaso \aUies wcie lowci 
tlian iioimal riom these findings U ean loasonibh bo infciicd that nneloid 
ns opposed to riiemonueleai or blast cells eontnbutc piimaiih to tlio total 
nigiiiasc actiMt\ of lcukoe\tes 

SUMM\R\ \\D CONCLUSIONS 

Tiie aiginnse actiMt> of cnthioc\lcs and IcukocMcs in noimnl and diseased 
humans was assayed bj a method cmploMiig L (+) aiginase as the siibstiatc 
and piuc uieasc to comert uica to ammonium caibonatc so tlint the latter 
miglit be mcasiucd spcctiophotomctiicalh aftei ncsslerization 

Botli CIOtliiocAtes and lellkoe^tcs possess aigmase actl\lt^, the lattei pos 
sessing 50 times as much actiMtj pei mean unit cell as the foimoi A considci 
able spioad in the ^ahus loi both cells was found in the noimal subjects that 
weie studied 

El^tluocJtc aigmase studies weic of gicntcr significance than leukocyte 
studies Distintth ele\ated oijthioc>tc aigmase ^ahles wcie consistently 
found ill patients c\hibitmg peinicious and othci mitiitional maciocy tic anemias 

III 1 elapse and thalassemia majoi A similai consistent eIe\ation was not ob 
sened in anemias of non defieieiic\, azotemia, leukemia, mhciited hemoglo 
binopathics, m ilignancies, infection, and of seioial otliei diseases Tins method 
because ot its complexity is not lecommended m prefcience to othoi existing 
laboiatoiy pioccduios for establishing a diagnosis of poimcious anemia oi 
thalassemia majoi 
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No distinctive pattern of leukocyte arginase values in various diseases 
affecting white cells was noted. When the major portion of the differential 
white count was replaced by nonneutrophilie leukocytes, arginase activity was 
lower than normal. 

The role of arginase in blood corpuscles remains unloiown. Its possible 
relationship to pyridoxine and C3mnoeobalamin is discussed. 

We gratefully acknowledge the technical assistance of Mrs. Estelle Wong, Mr. Peter 
Shugarman, and Mrs. Carol Levin in this investigation. 
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Tin: OXYGLiN SATl liATION OP BLOOD IN THE A^ENAD CAA'AE, 
EIGHT HE \ET CILUIBEES, AND PULAION^AEA" TDSSELS OP 
in \l lll\ SLBJECTS 

Bni G B vHB vtt Bovts MB, C ii B ,* A^D E vbl II AA^ood, AI D , Ph D *• 

EiK IIF«TI R, JIiNN 

F oe the defection and Ik di/ition ol iileno\enous shunts uithin the heart 
and associated file it i si Is an mail definition of the degree of osjgen 
saturation of aenoiis hoi I uitliiii the light ehamhers of the hcait and great 
acssels m healtln subjects is essential Pietious macstigatois'' haae pointed 
out the niaihtd \niubilit in the owg n eontent of blood uithdraun from the 
light ntiauin and to i less estmt tin light untiiclc This has been attributed 
to (1) aaiiation in tlic subj it s plnsiologic state uith a icsultant change in 
cardiac output in tlie imen il bdueon tlic collection of blood samples, and (2) 
laminar flow uithin the light heait chambeis resulting in incomplete miving of 
streams of blood of dinmiit osigei sitiii itions from the supeiioi and infcrioi 
tenao caiae and the coionnu sinus 

Because of this aarnibiliti in owgiii satuiation of tenons blood -nithiii 
the noimal hcait, a mtthod of uitliliuMiig icpeatod blood samples in lapid 
siieccssioii through a ciucttc o\iiiieti i an instrument of high lelative aecuraej,' “ 
has been dot eloped for use during taidiac catheterization in an attempt to ic 
ducc the citects of incomplete mixing and changing caidiac output to a mini 
mum' « This presentation is an anahsis of the data on oxjgcn saturation of 
blood obtained in this mannei in an adequate scries of unanesthetizcd, ambu 
laton, healtht, adult subjects In addition to defining the mean and ranges 
of oxxgen saturation uitlun the right chambers of the heart and gicat vessels 
and the diffeienees in the oxjgcii saturation of blood fiom these vaiious sites 
it has been possible to make some infcicnce as to the relative importance of 
changes in caidiac output and laminar flou (incomplete mixing) on the varia 
bihtj'’ of the values obtained at these various sites 

The data on oxygen saturation of blood herein reported iieic obtained 
during cardiac catheterization proccduies, uliich also included recording of 
piessure, the inhalation of 95 per cent oxjgen and, in some subjects, a peiiod 
of exercise, the results of which are reported elseivhcre’ ” The subject num 
bers used in this and related publications aio identical 


IIETHOD 

Twentj SIX healthy subjects havo bcoa inoladed in this studj Data are arranged 
according to age of the subjects lu Table I Mtcen of these subjects were healthy male 
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pliysicians and 11 were jiatieiits in wlioin cardiac catlioturization was perfoinicd to exclude 
cardiac abnormalities. Subjects 7, 24, and 26 were women, the remainder men. A 
detailed de.seription of the technique of cardiac catheterization used has been reported 
elsewhere.^, ii The subjects had a light breakfast and received codeine, O.d gr. (0.032 Gm.), 
and seconal, 1.5 gr. (0.1 Gin.), 13 to 30 ininute.s before tlie proceduie commenced. The 
cardiac catheter was connect(>d to both a cuvette oximeter for whole blood and to a strain- 
gauge manometer by means of a 3-way stopcock.'z This assembly was kept filled with 
heparinized saline solution. Samples of blood were obtained from the catheter by applying 
manual suction to a syringe connected to the cuvette oximeter. Two or more samples 
were obtained in rapid succession in this manner throngh the catheter-cuvette system; 
following this the system was flushed with heparinized saline solution to prevent clotting. 
The position of the tip of the catheter was rapidh' changed under fluoroscopic control 
between each sample. Spot roentgenograms were taken in many cases for later confirma¬ 
tion of the position of the tip of the catheter. Pressure pulses ■nere also continuously 
monitored. 

Samples of blood obtained in rairid succession without the introduction of saline 
solution between individual samples wore separated in time b}' a maximum of 1 minute 
and have been called “consecutive.” Samples which were separated by the introduction 
of saline solntion into the system have been called “random” being separated in time by 
a minimum of 2 minutes. An attempt was made, particularly in the 11 patients to 
repeat each consecutive series of samples at least once, and when doubt arose as to the 
interpretation of the saturations obtained, 2 or more times. In the majority of the sub¬ 
jects the blood withdrawn through the cuvette oximeter was discarded. In some, however, 
the blood was reinfused through the catheter-cuvette assembly immediately after withdrawal 
of each series of samples was completed. 

The oxygen saturation of arterial blood was recorded both continuously- by oximeters 
attached to one or botli ears,i3 and intermittently from samples withdra^vn through an 
additional cuvette oximeter attached to a needle indwelling in the right radial artery. 

The galvanometer deflections produced by the cuvette and car oximeters were ob¬ 
served ^-isually by the use of the single scale circuit and both single and double scale 
deflections were continuously recorded photokymographically.n. ’= Subsequently a calibra¬ 
tion curve was constructed for each subject which related the single scale galvanometer deflec¬ 
tion to the- oxygen saturation as obtained by A'an Slyke® analysis. 

Samples of blood were withdrawn simultaneously from the radial and pulmonary 
arteries with the subject breathing air and also when breathing 95 per cent oxygen and 
analvzed for oxygen content within 30 minutes by the method of A'^an Slyke and Neill.ie 
The oxvgen capacity was determined after equilibration by the method of Sondroy'" as 
modified by Houghton and associates.is In addition, in most subjects a sample was obtained 
for analysis from the site of lowest oxygen saturation to assist in the calibration of the 
cuvette oximeters. 

Ninetv-five per cent oxygen was administered by a closed circuit spirometer system 
during the latter part of the' procedure on all subjects, except Subject 25, for an average 
period of 7S minutes. Dye-dilution curves were recorded photokymographically by the 
earpiece oximeters and by the cuvette o.ximeter attached to the needle in the radial arteryi'-’ 
follomng the injection of Evans blue dye at multiple central sites=o soon after the subject 
beean breathing oxygen. Because of the apparent depres.sioii in the oxygen saturation 
of°'blood (as recorded oximetrically) which was produced by the circulating dye, the 
absolute values for oxj-gen saturation with the subject breathing oxygen were not suitable 
for analv'is The differences in oxygen saturation between consecutive samples of blood 
obtained’under these conditions uere not disturbed and, -therefore, have been included. 

RESULTS 

Tito oxygen capacities and oxygen content of blood determined by analy.sis 
ot sainpl^-3 sinniltaneon.sly withdrawn from the radial and pulmonary artery 
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aic gncn in TaliU I )oi c.idi snbicci both while bicatliing an and while bicatli 
iiig oxygen Otlii I Mtiil statistiis iiiLliidiiig iiiitabolic lati, taidiac output, and 
iiitiac.iidiaf iiKssiiiis an upoilid ilstwlim Tlii aieiage caidiac index foi 
the group was 1 "> (is to B i b min /M 

Till oxigt-ii cainieiti was nmiiial m .ill suiiiiils aiii.ignig 19 7 \ol pel 
cent witli the siibji 1 1 bn itliing an with a langt of 17 7 toilGxo! pei cent 
The aiiiagt (<it)i(it\ ut 19 B \ol jiei cent wliih tin subjects wcie breathing 
oxigcii dill not ilifiii signlfiiaiitli tioiii that while tlici weie bicathing an 
(p < 0 1) Tin niiaii total oxigin coiitint of tin sisteniic (ladial) arteiial 
blood (with till siibiect bicatliing an) was 194 (174 to 217) xol pei cent, 
and of the mixed niiinis (iiiilnionaix aitiii) blood 17 1 (121 to 17 2) lol pel 
cent IVInIe tin sub]eits wen bnathnig 97 pci cent oxegen, these \alnes were 
212 (189 to JIB) xol iiei ciiit and 17 1 (114 to 194) xol per cent, icspce 
tixelx The aiteiial xenons difliittiec m oxxgen content ot blood xxliilc the 
subjects xxeie bicatliing an axiiaged 4 1 xol pit edit and diel not change 
significantlx dtiiing inlialation ot 97 pei cent oxxgen " The content of pliysicaUx 
dissolxed oxxgen within the atteiial blood (oxxgen content minus oxxgen ea 
pacitx) dming inhalation ol 97 ])(i edit oxxgen axciagcd 1C xol pet cent 
and ranged fioiii 1 0 to 2fi xol pit cent 

The oxxgen situiations obt lined bx euxette oximitii ot aiteiial (radial 
arteij) blood and of xenons blood xxithdiawn fiom the right heart chambers 
and gloat xcssels aic also gtxen m Table I togethei xxitli the satuiations of the 
samples fiotii the pulmonarx aiteix widge The euxette oximeter xaliics given 
111 Table I aie the axerages of tin sexeial samples witlidiawn fiom each site 
111 indixidual subjects wlitlc bieatliing an the means and standaid dexiations 
being ealeiilated fiom these xalnes Howexei, the langes gixen in the text 
and table aie based on all the indixidiial samples obtained The mean and 
lange of the oxxgen satiiiatioii of aiteiial blood eiiiiallcd 97 3 (97 to 99) pei 
cent 

Samples of blood tioin tin inteiioi xena caxa xxcie xxitlidiaxxn xxith the 
catheter tip at oi pist alioxi the lexil of the diaphiagm, the catlietci liaxing 
been first adxained to below the diaidiiagm to eonfiim its position in the 
infcrioi xena caxa and then xxitlidiaxxn slightlx Samples fiom this position, 
obtained in 19 subjects showed a mean and lange of oxxgen saturation of 83 0 
(76 to 88) pel cent The mean and range of the oxxgen satuiation of supeiioi 
vena caxal blood xvlicii samples xxcic xvithdiaxxn with the cathetei tip 1 to 4 cm 
above the right bolder of the cardiac silhouette as seen fluoroscopicallj xvere 
76 8 (66 to 84) per cent, a figiiie signifioaiitlx less than the infeiioi xena caxal 
saturation 

The cathetei position at the time of xxithdiaxxal of light atiial blood xaiied 
cmisideiablj In most easis it lax inidwax along tin light taidiac boidei eithei 
iieai the tiiciispid xaixe in adjacent to the lateial wall ot tin atiiuin An 
analxsis of the diffeicnees in saturation ot blood obtained fiom xarious sites 
within the atrium was not attempted Occasional blood samples of very loxv 
oxygen saturation xvithdraxvn from the light atrium with the tip of the catheter 
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Table I. Blood Oxygen Valdes 


PEE CENT OXYGEN SATURATION (CUVETTE) ; AIR 


SUBJECT 

AGE 

(YR.) 

RADIAL 

ARTERY 

I.V.C.* 

S.V.C.* 

K.A.* 

R.V.* 

P.A.* 

WEDGE* 

1 

13 

97 

88 t 

81 

83 

83 

82 

92 

2 

17 

98 

86 

76 

81 

§ 

80 

100 

3 

18 

98 

84 

79 

80 

77 

§ 

S 

4 

19 

96 

85 

81 

83 

80 

81 

98 

5 

20 

98 

79 

77 

78 

78 

77 

11 

6 

21 

97 

84 

78 

81 

79 

79 

97 

7 

22 

981: 

651 

74 

74 

79 

78 

11 

8 

24 

95 

— 

79 

77 

77 

77 

95 

9 

26 

97 

81 

74 

78 

76 

76 

100 

10 *’ 

27 

97ir 

78t 

69 

79 

69 

75 

99 

11 ** 

27 

98 

81 

80 

82 

83 

80 

100 

12 ** 

27 

96 

87 

81 

78 

78 

77 - 

§ 

13** 

28 

96 

83 

78 

80 

80 

79 

99 

14** 

28 

98 

86 

77 

81 

77 

78 

100 

15** 

29 

9711 

— 



f 

75 

— 

16*» 

29 

99 

88 

75 

S3 

80 

82 

98 

17*» 

30 

98 

80 

71 

75 

70 

— 

— 

IS** 

30 

98 

76 

72 

76 


79 

11 

19** 

31 

9S1i 

79 

77 

75 

75 

75 


20 ** 

31 

98 

82 

67 

78 

79 

78 

100 

21 ** 

32 

98 

82 

79 

80 

77 

76 

98 

22 ** 

34 

97 

87 

82 

84 

84 

83 

94 

23** 

40 

98 

— 

77 

79 

80 

77 

100 

24 

41 

97 

— 

77 

81 

81 

77 

100 

25** 

42 

97 

84 

81 

83 

84 

84 

— 

26 

44 

96 

82 

76 

79 

80 

76 

99 

Mean 


97.3 

83.0 

76.8 

79.5 

78.5 

78.4 

98.2 

S. D. 


±0.9 

±3.2 

±5.2 

±2.8 

±3.8 

±2.6 

±2.4 

No. of samples 


26 

26 

49 

70 

43 

59 

25 

Range of individual 


93-99 

76-88 

66-84 

72-86 

64-84 

73-85 

90-100 


samples ___ 

* = In this Table and in Tables II to V, I.V.C. Indicates inferior vena cava; S.V.C.. superior 
vena cava; R.A., right atrium; R.V., right ventricle; P.A., pulmonary artery; and wedge, wedge 
position in pulmonary artery. 

tOp = Physically dissolved oxygen (oxygen content - oxygen capacity) in arterial blood with 
subject breathing 93 per cent oxygen. 

t = Samples obtained below diaphragm level, excluded from averages. 

§ = Samples obtained while breathing 100 per cent oxj’gen only. 
il = No flow from wedge position, 
li = Earpiece oximeter readings. 

•• = Male physicians. 

in a position which by fluoroscopy was apparently near the coronary sinus 
ostium were excluded. The mean and range of the oxygen saturation of right 
atrial blood excluding these samples equalled 79.5 (72 to 86) per cent, a figure 
intermediate between the inferior and superior caval blood saturations. 

Right ventricular blood was withdrauTi from both low in the right ven¬ 
tricle (adjacent to the tricuspid valve and from the main ventricular chamber) 
and high in the right ventricle (right ventricular outflow tract) and showed a 
mean and range of oxygen saturation of 78.5 (64 to 84) per cent, the mean 
value showing 1 per cent saturation less than that for right atrial blood. 

The mean oxygen saturation of pulmonary arterial blood was 78 per cent. 
This value was similar to that of blood from the right ventricle; the range of 
73 to 85 per cent was, however, smaller than the latter. 
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owrrs c\i \ciT\ j 

(\or rrr rrNT» | 

TuT\L 0V\6tS COVTfsT | 

rrp CENT 

o,f 

(\0L. pa CENT) 
F\r>I\^ NPTEP'i 

95 0, 

MP 

1 

1 05 O, 

1 P^\t I \ 

\rTrr\ 

1 n MONVp\ KrTEr\ 1 

' Air 

*», 

1 XII 

1 0 1 

} 1 7 

17 S 

1“4 

10 2 

1 { 


1 4 

20 

20 4 

20 3 

— 1 

lb 1 

17 C 


10 1 

19 3 

10 0 

21 0 

_ 

170 


20 0 

21 5 

20 2 

21 7 

10 3 

21 7 

21 2 
-3 0 

lo 0 

172 

17 S 

10 4 

10 

19 

10 0 

20 1 

10 

_1 0 

IbO 

183 

1 S 

— 

18 7 

— 

20 0 

— 

ICO 

1 3 

21 0 

21 1 

20 0 

23 2 

170 

10 3 

2 I 

1S2 

182 

17 0 

10 4 

14 0 

133 

1 

•— 

20 2 

— 

22 0 

— 

175 

1 S 

10 0 

1S8 

is 0 

20 0 

150 

16 2 

1 S 

100 

lOO 

IS 4 

20 4 

15 3 

17 3 

14 

10 3 

103 

is 8 

20 S 

14 7 

172 

1^ 

20 0 

20 7 

-0 0 

21 9 

105 

175 

1 2 

— 

22 4 

— 

24 3 

— 

_ 

1 9 

20 7 

20 7 

20 8 

210 

17 1 

IS 4 

1 2 

IS 2 

1S4 

ISO 

106 

121 

13 4 

1 2 

21 J 

20 4 

20 0 

220 

15 7 

173 

IS 

ISS 

185 

IS 4 

20 2 

14 G 

ICO 

1 7 

21 3 

21 3 

21 1 

22 0 

10 S 

1825 

13 

20 7 

20 0 

20 3 

21 0 

15 8 

175 

10 

1D4 

19 4 

190 

20 8 

15 8 

173 

1 4 

183 

1^0 

18 7 

20 1 

14 2 

150 

1 8 

183 

IS J 

18 ’ 

20 0 

14 2 

101 

1 S 

20 5 



— 

— 



184 

174 

18 3 

IsO 

14 2 

J5 2 

1 5 

197 

10 0 

194 

21 - 

153 

171 

1 6 

il 2 

i2 4 

•^1 0 

*I 4 

21 3 

±1 4 

— 


The lowest ON^gen saturation of an\ sample of venous blood withdrawn 
from the heart or groat sesseLs (excluding the coronarx sinus and right atnum 
neai the ostium of the coronar.' sinus) was (W per cent (obtained from the 
right \entricle), the highest S8 per cent (obtained from the inferior vena cava) 
The lange in oxjgen saturation of indmdual samples m individual subjects 
was wide, the differences in saturations of samples wnthdrawm from similar 
sites xarxing from 12 per cent saturation in the inferior lena ear a and the 
pulmonan. arterj to 20 per cent saturation in the right xentiicle The standard 
dexiation of the axeiage \alues fiom subject to subject was greatest for superior 
xena caval blood samples (±3 2 per cent) and least for pulmonarj artery blood 
(±2 6 per cent) 

The catheter tip was satisfactorilx wedged in a peripheral branch of a 
pulmonarj arterj on 45 occasions in 22 of the 26 subjects while breathmg air 
or 95 per cent oxjgen The criteria used in the selection of these xvedge posi 
tions haxe been enumerated elsewhere'' Although an attempt was made to 
xnthdraxv blood in exerj instance, this was successful in onlj 30 (66 per cent) 
of the instances in which the catheter xvas m the xvedge positions Of the 30 
samples of blood obtained, a total of four (13 per cent) were less saturated 
xnth oxjgen than the arterial blood With the subject breathing room air 
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(Tabic I) 25 samples were obtained in 17 subjects, with an average oxj^gen 
saturation of 98.2 per cent. The saturations of 3 of these samples (90, 92, 
and 94 per cent) wei'p below the range of arterial oxygen saturation encountered 
in healthy subjects. The arterial oxygen saturations recorded simultaneously 
by earpiece oximeter in these subjects were 95, 96, and 97 per cent, respectively. 

An analysis of differences in oxygen saturation of venous blood withdrawn 
from the venae eavae, the right chambers of the heart, and the pulmonary 
artery is given in Table II, using only the differences between single pairs of 
l)lood samples withdrawn in rapid succession from different sites on the right 
side of the heart. By confining the analysis to consecutive samples, the sub¬ 
ject’s phy.siologic state was assumed to be stable during the collection of each 
pair of samples. Variations in the oxygen saturation of venous blood resulting 
from a change in cardiac output were probably minimized in this way, although 
variations due to sampling from streams of blood of differing oxygen satura¬ 
tions would presumably not be affected. 

On the basis of samples withdi*awn in rapid succession from the two sites, 
inferior vena caval blood was more highly saturated with oxygen than superior 

Table II. Average and Range of Differences in per cent Oxygen Saturation of 
Individual Pairs of Sajiples of Blood Withdrawn in Rapid Succession 
From Different Sites on the Right Side of the Heart 
(Healthy Subjects Breathing Air or Oxygen) 



I.V.C. 1 

“S.V.C. 

R.A. 

-LV,C. 

E.A. 

-s.v.c. 

R.A. 

-LOW 

R.V. 

R.A. 

-P.A. 

LOW 

R.V, 

-P.A. 

HIGH 

R.V. 

-P.A. 

Number of 

subjects 

20 

19 

26 

24 

17 

18 

13 

Number of 
differ- 

ences 

30 

31 

82 

44 

20 

23 

25 

llean 

+5.7 

-2.2 

+2,9 

0 

-0.3 

0 

0 

Ranee 

-2 to +16 

-11 to +6 

-3 to +12 

-9 to +10 

-9 to +5 

-3 to +4 

-3 to +2 

S.D. 

±4.9 

±4.3 

±3.0 

±2.9 

±3.5 

±1.7 

+1.4 

P value 

< 0.001 

< 0.01 

<0.001 

< 1.0 

< 0.7 

< 0.9 

< 0.9 


vena caval blood by a mean of 5.7 per cent (S.D. ±4.9), a statistieallj^ significant 
difference (p < 0.001). Right atrial blood was less saturated than inferior 
vena caval blood by a mean of 2.2 per cent (S.D. ±4.3) and more highly sat¬ 
urated than superior vena caval blood by a mean of 2.9 per cent (S.D. ±3.0). 
These differences were also statistically significant (p < 0.01 and 0.001, re¬ 
spectively). Comparison of the oxygen saturation of right atrial blood with 
blood from low in the right ventricle and the pulmonary artery did not show 
a systematic difference between these sites. Similarly there was no sj^stematie 
difference between the oxygen saturations of samples from low and high in 
the right ventricle when compared witli those from the pulmonary artery. The 
ran"e of differences in oxygen saturation between the pulmonary artery and 
ri"ht ventricle was less than between the other sites studied. 

When the averages of two or more differences in oxygen saturation from 
paired consecutive samples of blood are compared (Table III), variations in 
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()\\*icu «^itunitJon (Iu< to a diaii^ttiir lardiiic output au iniuinnzod, and \aiia 
tions duo to laminai How pitlKularh should Ik* rodu((d This reduction lu 
\anihiht\ produof*s a i*roportionat« imrcasc in tlio ahi1it\ to detect ahnomiali 
ties in the owjrcn suiii ition oi hhMMl wiihdnwn fiom these sites The stand 
ard dcMation of the ntfuttjr difieitnus obtained when tompiring tlic owjieii 
saturation of riuht ventruiilii emtflow blood w ith iJulmonai \ n!ter% bl(»od (±12) 
was little elnnired from the dilTtrtiKes Intwcen tliesc sites siippeslint; 

tlint inixini? of letuininir s\v*iinii< venous blood is rclatneh complete when 
It reaches tlie nuht ventricular outflow inci and pulmonarj arteiw Pon 
versch the reduction in tin standard deviition of the average as compared 
to Singh diffc n nces Ixivvccn the owgcii situiatioii of right atrial blood and 
that withdiawn from tlu inferior vena cava the supciior vena enva and from 
low in the right ventricle suggests that mi\ing of blood from siijicnor and 
inferior venae tavae and coronarv sinus was incomplete when traversing the 
atrium and lower part of the right ventricle 
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1 
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1) 0 

11 2 
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<0 01 

< 0 0'> 

< 0 001 

< no 
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•Ih^ufflclenl palrel conuccutUo ji-iniilcii woro aNnlluMr from th^ richl ntrlum an»l pul 
roonary nrtPrj and tli'' low rlphi ^rntrirj nn I po!mwmr> nrlPfj for comp'ir};«on »f aerrnt, 
♦Hfrercncca bciwocn thof'c j'ilPi' 


TvoiF DnruEsers Hitwffs Tin Vvirvn iii cist Oxters Svtiivtiosk at Sitis 
P roM AVirirn Mi iTirii (Random) Hiakjd Samiifs Wftf Witiidi vws 
With rnr stnjrcrr BrrvTmsc \ip* 
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In Table IV an .lIl,ll^slS ol Ibe (lifTciinccs b(,twp(n tbe a\oi.i!;e o\\<;en 
satuiations of sjmi)lcs of blooil oblaiind in lancloin fasbion has been made In 
this table tbe ox\f:en saturation at a ])aititiilai silt nas obtained In a^elaK 
mg the scicial samples Hitlidraiui fioin (hat sit< «1 ii|l the subiert was breath 
111 " air tin niimbci ol sampUs fioin each siti lanpinp fioin 2 to (i and aierapine 
2 Tin figuitswcii eloseU (omp liable to tin asiiam ol tin diflm nus bi tiui li 
paiicd eonsecutne sainjiles uneit in Tabic III Snffnnnt data iwie aiaildilc 
in this instance to eompnie the ascraj;e oxiRen situiation of blood Mitb'drmn 
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from the right atrium with the combined samples from low and high in the 
right ventricle and also with the samples from the pulmonarj' artery. A small 
but statistically significant difference in oxygen saturation was demonstrated 
between the light atrium and pulmonaiy artery (p < 0.001) and the right 
ventricle and pulmonary artery (p < 0.01); pulmonarj^ artery blood was less 
saturated than both right atrial and right ventricular blood by a mean of 1.5 
per cent. However, when the oxygen saturations of right atrial and light 
ventricular blood (K.A.-E.V.) were compared in a similar manner, the mean 
difference of +0.6 per cent was not statistically significant (p < 0.3). 

Variation in oxygen saturation of mixed systemic venous blood, presumably 
resulting in the main from a change in cardiac output in the interi’^al between 
the collection of samples, was estimated in subjects nith multiple samples from 
the pulmonary artery, assuming that blood from this site was a true sample 
of mixed venous blood. Thus, in 19 subjects irith an average of 3 samples 
of blood from the pulmonary artery separated by an average interval of 37 
(5 to 147) minutes, the mean of the maximal variation in oxygen saturation 
Avas 3.3 per cent and the range was 0 to 10 per cent. If it is assumed that the 
rate of oxj’^gen utilization and the arterial oxygen saturation remained constant 
during these periods, these variations in oxygen saturation of mixed venous 
blood represent average maximal spontaneous variations of more than 17 per 
cent in cardiac output values as determined by the direct Fick method in these 
resting healthy subjects. 


Table V. The Maximal Variation op the Differexces ix per cent Oxygen Saturatiox 


Between Paired Consecutive Blood Samples and Between Eandom Blood Samples 

IN Subjects With 2 or More Pairs of Consecutive Samples From the 

Same Sites While Breathing Air'' 


samples I 

R.A.-S.V.C. 1 

K.A.-LOTV 

R.V. 

R.V.-P.A, 

Kumber of subjects 


13 

6 

7 

Mean 

Consecutive 

2.5 

2.5 

2.3 

Random 

7.7 

7.5 

7.0 

Range 

Consecutive 

1 to 5 

0 to 6 

0 to 5 

Random 

0 to 17 

0 to 11 

2 to 14 

S.D. 

Consecutive 

+1.4 

±2.5 

±2.6 

Random 

±5.7 

±4.1 

±4.5 


minutes). 


2 to 115 


The value of the consecutive method of withdrawing samples from separate 
chambers for comparison of the oxygen saturation used almost exelusivelj^ in 
this study was investigated by comparing the differences in oxygen saturation 
between paired consecutive samples of blood from separate chambers with the 
differences between samples ivithdraH-n from these sites in random fashion 
(Table V). As few samples ivere deliberatel 3 ' Arithdraivn in random fashion, 
samples from separate consecutive series ivere compared as random samples. 
Accordinglj-, in subjects irith 2 or more pairs of consecutive samples from the 
same 2 chambers, tlie maximal i^ariation for each of these differences was cal¬ 
culated; for example, with 3 pairs of consecutive samples from the right atrium 
and superior vena cava hai-ing oxj’^gen saturations of 76 and 72, 80 and 78, 
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71 and 70 pci cent, ic'ipcctnch, the diffcicnccs between thcic pniicd con- 
scentue samples equal +4, +2, +1, the difleicnees hetMcen these samples com 
paied m landom fashion, honciei, equal -2, 4fi, -^8, +10, -1, and -7, tlie ma\imal 
lariation of the diffeienecs hetneen consecutnc samples would equal 3 pei cent 
saturation, and hetween random simples 17 pci cent The intciial hetween 
withdrawal of the conseeutuc blood simples included in Table V was 30 to 
GO seconds and hetween the laiidom samples 22 (2 to 115) minutes One thud 
of tlio random samiiles wcie sepaiatcd hi 2 to S mimitcs The mean ot the 
inaMinal lariation of dilfcienees in simples obtained consecutiich i.iiied fiom 
2 3 to 2,7 per cent at dilTcieiit sites, and was niiicli less th.in that foi simples 
obtained in random fashion of fiom 7 0 to 7 7 pci cent sitiiiatioii The widest 
range of this ma\imal laiiation in consccutno samples was 0 to C per cent as 
comp.ued to 0 to 17 per cent foi landom samples No diffcicnce in laiiabilits 
was found bctivcen landom samples sepaiatcd bj 8 nimntcs or loss and ran 
dom simples separated hi inoic than 8 minutes 

COMMENT 

The lalidit^ of the present aniljsis of oxigen saturation of blood as icpic 
seiitatne of hcalthj human beings rests on the absence of caidiovascular ab 
noimalitics, particulaib intiacaidiac shunts, in the subjects included Small 
intiacardmc shunts cannot be satisf.ictoiily cNcliided by tlic absence of anj 
abnormalitj on clinical, clccti ocardiographic, oi loentgcnologic c\amination 
of the subject Undetected iciio artciml (light to left) shunts, although de 
creasing the ONjgcii saturation of the aitciial and mixed \cnous blood, would 
not appieciablj distoit the comparatiic o\igen saturation of blood withdrawn 
from larious sites in the right chambei's of the hcait or gieat lesscls Should 
an undetected aitcrioienous (Icft-to right) shunt be present, howeiei, the dif 
fei enees in blood o\j gen situi atioii obtained at different sites bj right heart 
catheteriration would prcsumablj be .ippiceiablv distorted 

In this stud} indicator dilution cuncs obtained after the injection of 
Elans blue dje (T 1824) at multiple sites within the right heart and great 
\essels weie used to exclude hcmodjuamicallj significant vascular shunts 
Curies of noimal contour and time components weie obtained in all subjects 
Right to left shunts of a magnitude greater than appioximatcl} 3 to 5 pel cent 
were considered exeluded by this means”' Left-to right shunts, lecognizable 
bj distortion of the disappc.ii ance slope of the dilution ciii-vcs, aie considcied 
more difficult to detect than light to left shunts of similar magnitude How 
ever, in the presence of nonnal cardiac output and w ith an accurate sj stem of 
continuous rccoiding as in the present studj, left to light shunts greater than 
approximately 10 to 15 pei cent were also considcied excluded 

Other eardiox asculai abnormalities wliieli might be of importance were 
considered excluded by measurements of intracardiac pressures and blood flow 
(reported elsewlieie”) which fell within the normal range in all cases 

The accuiac} of the cuvette oximeter m determining the oxjgen satiiia 
tion of blood has been previouslj repoited The absolute accurac} of the de 
vice vanes with the oxygen saturation fiom ±1 to 4 per cent saturation"' ' 
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The instrument has a high degree of relath'c accuracy, since under optimal 
conditions, the accuracy in the determination of dilferenees in oxygen satura¬ 
tion has been reported to he ±0.1 per eent satixration.^ Although the accuracy 
of the instrument decreases slightly when the lower oxygen saturations of 
venous blood are being recorded, this degree of accuracy is considered very 
satisfaetoiy for piu'pases of routine cRtheterization. 

The degree of accuracy obtainable in demonstrating arterialization within 
the right heart and associated great vessels by sampling of blood through a 
cardiac catheter is dependent on the constancy of the cardiac output during the 
collection of the samples and also on the degree of laminar flow (incomplete 
mixing) in the chambers from which the samples are withdrawn. 



2 3 4 5 6 

CARDIAC INDEX —liters/minute/met 

Fie. 1.—-The relationship between tlie oxygen saturation of mixed venous blood from the 
ptunionary artery and the cardiac index of healthy subjects resting in the supine position The 
mimber.s identity the individual subjects listed in Table I. The_ curved line was calculated 

on the basis of the Fick equation: Cardiac output (Q) =: . The rate of oxygen 

Oa — 

Uptake (V) was assumed to be constant at the average normal level of 143 ml. per meter of 
body surface per minute and the arterial ox^’gen content (Ca) was assumed to be constant at 
the average normal level of 194 ml. per liter of blood (Table I). 

An inverse relationship exists between the resting cardiac output and the 
oxygen satui’ation of mixed venous blood in the heart in the present sub.jects 

(Fig. J). This relationship follows fi-om the Fick ctiuation (Q = - — ), 

for when the rate of oxygen uptake (V) and arterial oxygen content ((J„) 
arc coiistant or near constant, as in the present subjects, the mixed venous 
oxygen content (CM will vary reciproealty with cardiac output (Qtinder 
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t!ic conditions of tin pnsint stnd\ tin o\s"cn sitni.ition ot nu\cd ^enous 
(imlnionnn alien) lilood \ainit in owsnn lonlint In as iiuidi as 10 pii cent, 
piisniii ilih ns till nsiill ot \tiiiitions in tin (aidim output and lonsdincnt 
cliiinnis III owncii sTtiiiatioii ot s\stinii( Miions blood since Inminai flow 
(iiKoniiilito niiMiin) is piobiblx insinnifu iiit wlun iitniniiijt tenons blood 
lias iiailnd tin ]inliiionan niliit Tin so spontaiuoiis taiiatioiis in ostgen 
satniatioii ot tenons blood iiiaKi it bialilt disirabli that samples ot blood with 
drawn foi (ompaiison ol oxtmn silniatioiis at diftoiont sitis be separated lit 
as short an intoital as piailiiabli in tin iftoit to ininiini/t these ilTects In 
dioioasino the tiiiii atailabli foi tin Illinois in taidnn output wliitli iti 
dentit oeeni in snbiicts lestiii'; in tin supine iiosition 

On tliL basis of the data "itin in labli 111, iitili/iii" the mean and twite 
tlie standard lUtintion ot the atiia"t dilTtitneis between lonsetiititi, samples 
the likelihood of exeeidiiif!: a pritui ran,re of t iiiation in tin Osteen satnia 
tion ot blood fioin diireient laidine eliambiis in liealtbt subjects can be 
expressed witliin 'I'l pei tent eotifidenii limits Thus lliiie is a ‘15 pei cent 
likelihood that the diflercnees in eatal satiiiations (I VC-SVC) tnll not 
exceed a laiigo ot -3 to -sri pei (inl satniation points, the light atiial and in 
ftiioi tena eatal satni ition (li A I VC ) a tange ol -8 to +4 pet cent satiua 
tion points, and the I iglit ati ml and siipi 1101 tena latal sitniation (RA SVC) 
a tango of-1 to sS ini ant satniation points I'lieiiioie, with the conseoutite 
imthod of sani|iling, a lilt to light siniiit taili iiili/ation) can be conaidoied to 
bo piescnt in the light atiiniii whin the oxjgcn saturation o£ right atiial 
blood eoiisistoiith exceeds that ol infitioi turn eatal blood bt mote than -4 
pet cent oi that of su|ieiioi tina i ital blood bt molt limn 8 pel cent 

Foi the acciiiatt ditcctioii ot aitiiinli/atimi within the atunm a compaii 
son of samples of blood fiom both latac with those iioin the light atrium is 
desiiable The data indicate a 'I") pi i mit likelihood ot significant aitenaliza 
tion in the light atiinm if tin oxtgen satniation of a blood sample withdrawn 
fioin the mid light atiinin exceeded the atciige satniation of samples with 
diawn fiom the inlciioi and snperioi tiiiac catae bt more than 4 pei cent sat 
Illation It 3 OI moie senes of samples wilhdiattn in rapid succession from 
the infenoi eata, mid light atiinin and supciioi eata show that the satiira 
tion of light atiial blond exceeds the ateiagc saturation of mfeiioi and supeiioi 
eatal blood bt moie than Z pei tent tlieic is a 95 pei cent likelihood that theic 
IS a significant source of aitiiiali/id blood in the right atiium 

A compaiison of the ateiagc satniation of iiiferioi and supeiioi vena 
eatal blood with that of light atiial and light tentiiculai blood (Tables I and 
II) indicates that a simple aiithmctic atcrage of supeiioi and inferior eaval 
blood would gite a closei appioximation to mixed ststcmie tenons blood than 
would the % to 7, ratio ot weighting of supeiioi and iiiferioi tena eaval blood” 
which has been iccomniended toi calculation of lett to light shunt in cases of 
atrial septal defect 

Aiteiialization within the supeiioi oi infeiioi tena eata, the result ot 
an anomalous pnlmonaij tenons connection, should be suspected when the 
oxt gen satin ation of snpcrioi t cna cat al blood exceeds 84 pel cent oi that 
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The instrument has a high degree of relative accuracy, since under optimal 
conditions, the aeciiracy in the detennination of differences in oxygen satura¬ 
tion has been reported to he ±0.1 per cent saturation.^ Although the accuracy 
of the instrument decreases slightly when the lower oxygen saturations of 
venous blood are being recorded, this degree of accuracy is considered very 
satisfactory for purposes of routine catheterization. 

The degree of accuracy obtainable in demonstrating arterialization within 
the right heart and associated great vessels bj' sampling of blood through a 
cardiac catheter is dependent on the constancy of the cardiac output during the 
collection of the samples and also on the degree of laminar flow (incomplete 
mixing) in the chambers from which the samples are withdrawn. 



CARDIAC INDEX —titers/minule/meler^ 


Pis'. 1.—The relationship between tlie oxygen saturation of mixed venous blood from the 
puimonarj* artery and the cardiac index of healthy subjects resting in the supine position. TJie 
numbers identify the individual subjects listed in Table I. The_ curved line was caiculated 


on the basis of the Pick equation: Cardiac output (Q) 



The rate of oxygen 


uptake (V) was assumed to be constant at the average normal level of 14S ml. per meter of 
body surface per minute and the arterial oxygen content (C.) was assumed to be constant at 
the average normal level of 194 ml. per liter of blood (Table I). 


All inverse rclatioiishi]) exists between the resting cardiac output and the 
oxygen satui-ation of mixed venous blood in the heart in the present sub.ieets 

(Fig. 1). This relationship follows from the Pick equation (Q = - : ), 

. . * a “ 

for when the rati' of oxygen uptake (V) and ai'terial oxygen content (tJ,,) 
are constant or near constant, as in the present subjects, the mixed venous 
oxygen content (I'A will vary reeiprocallj- with cardiac output (Q)."'*'"® Under 
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more than 1 poi (lut, tlul m tU stinitmi \tna <ii\a In muu U\im b pci cciil, 
01 an aieiasc of ttio mtnin ml •shihimm ( i\iiI snnplcs b\ moic than ^ 
pci cent In the ahsonce (tf nti iml -.optil (Ulut aitcilalizilion in the nglit 
\entrielc at tlic ‘hi pd <Mit I Uilihnid hul (an lu tonsiclcicd to be demon 
strated nlicn its saturation (\((<(K thit in the iiglit atnuni bj moic than 3 
poi tent and, in the idistim a a Muttaulai siptal defect, ai'tciiaii7‘ition in 
the pulmonan aiten is iiuin ii I \ I mi nwgin sitiii itioii of blood fioni it 
t\cecds that fiom high in tin n li \<ntii<i( bN inoio than 2 poi cent 

Oornpanson ol the «i\iia_ «> \ m situiation oi blood withdiann lioiii 
all jiositions witliin tin iiaht i in h wiili tliOM obtained tiom tlic light 
atiuim and 3 )ulmonai\ aitii\ w is siij sti\c oi a slight but significant 
icduetion in tlie owgdi sitniiM n <) ili \tnmis blood duiiiig its passage 
through tlic Miitiide Sti« imliiH flow blood iiom tht tolonal^ sinus and 
tlieliesian \cins draining into tin iigh \ ntiiclc nas consideicd a hkch' c\ 
planatioii of this findiim^ although ii nisunt mciensts in caidiac output 
engendered b\ an\nt\ {ons(<jmnt t«) Mtapit beats during niampulation of 
llie catlictei mnj la in\ol\(d 

Variations in the owgui situiition oi multiple '‘amplcs of mixed \cuous 
blood from the piilmonm aittn tiom tin sinn indnidual ncit consistent 
^Mth the intcipietation that th< aM i u't inaMimil intia indiMdual saiiation 
in caidiac output, in tlicsi lualtlu subiocts undei conditions of supine rest, 
^\n& +17 pci edit 
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S tudies using radioactive sulfur, as a tiacer liaic demonstrated that 
sulfated compounds exist tlnougliout the hodj-, being especially concen¬ 
trated in the connccthe tissue Pieiious investigators have noted the dis- 
trihution of S” in structures of the lat, human adult, hamster, mouse, and 
rabbit emplojdng the techniques of quantitative S” determination, ladioau- 
tography, and tissue culture This uptake of S^- into the tissues is a vital 
piocess that is piobahly cnzym.atic in natnie since it docs not occur in boiled 
cartilage nor docs it occur when puic chondroitin sulfuiic acid is mixed ivith 
Na-S^O) ’ By isolating chondioitm sulfate containing S” from the cartilage 
of animals recoiling S“Ol intrapcritoncally, Dzicwiatkowsld in the U S 
A, and Bbstrom, in Sneden, have indicated that S“ is incorporated into chon¬ 
droitin sulfate, the essential polysaccharide of the ground substance of eon- 
necthe tissue “ As animals ago this otganic binding of radiosulfur by the 
tissues has been observed to decrease giadually but maikcdly ' 

This study was undertaken to delineate the distribution of in various 
oigans, especially the connective tissue, of a human adult Studies i\ere also 
done on the quantitatii e distribution of S’’ in the oi gans and connective tissue 
of young and adult lats Some intci pretation of these data is piesented. 

expfriuextal 

Fart I —The te<!t animals svere albino rats^ young animals aged about X month and 
adult animals aged 6% to 9 months Data were obtained from 7 adult and 3 joung animals 
The rats recei\ed intrapcntonealU 50 /tc of S’* as Iva.S ”04 m ■'aline in a single do«e Two 
adult animaU were gi\en this amount of sulfur in diMded do'ses but did not show any 
appreciable difference in results when compared with animals gi\en a single dose The 
rats were killed bj etherization -JO hours after recei\nng the sulfur. Tissues were removed, 
cleaned, and weighed Those that were not proccs'sed on the daj of sacrifice were kept in 
the Deepfreeze. In general, corresponding tissues were remo\cd from each group of an 
imals. 

Details of the procedure for ashing tissues and precipitating the sulfur ns barium 
sulfate have been outlined in a presious report” Eadioactiiity determinations were earned 
out to a probable error of 3 to 5 per cent bj means of a windowless gas flow counter. Tis 
sues that had fewer than 50 counts per minute per 100 mg. were counted to a probable error 
of 10 to 20 per cent 

From tlie Argonne Cancer Research Hospital and the Department of Medicine. The 
Uni\ersit\ of Chicago Chicago 37. Ill 

Recei\ed for publication Non 13. 1956 

•Present address Backham Arthritis Research Unit, Uni\ersity of Michigan Hospital. 
Ann Arbor, Michigan 
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Since all animals wcie not stuJieJ at one time, different lots of S35 rvere used.* The 
actual content tvas ±20 per cent of the stated activity. No correction was made for radio¬ 
decay. Because the body size of the young animals was markedly less than that of the 
adult animals the total radioactivity detected in the tissues is presented with a figure rep¬ 
resenting the comparison of the .sulfur -35 found in each tissue to that amount present in 
costal caitilage, uliich is easily obtained as pure cartilage. 


Table I. S’-> Fi.\ation i.\ Tissues op an Adult hlALE Kat and a Young Male Eat 


TiSSrE 

1 AGE 5% MONTHS 

AGE 1 

MONTH 

C.P.M.* 

PROPOR¬ 
TIONAL 1 

C.P.M, 

PROPOR¬ 

TIONAL 

Cartilage 





Xiphoid 

880 

119 

8,620 

125 

Costal 

740 

100 

6,910 

100 

Articular (tibial cap) 

390 

53 

5,330 

77 

Interveitebral disc 

435 

63 

4,700 

67 

Tracheal (trachea) 

365 

49 

2,700 

39 

Bone 





Membranous—skull 

144 

19 

670 

10 

Cancellous—tibia 

130 

18 

780 

11 

Aorta 

230 

31 

1,960 

28 

Tendon 

115 

16 

560 

8 

Skin 

145 

20 

780 

11 

Kidnev 

167 

23 

530 

8 

Gastiointestinal tiact 





St omach—card lar 

175 

24 

830 

12 

Stomach—pylorus 

125 

17 

360 

5 

Duodenum 

96 

13 

340 

5 

Ilium 

119 

16 

460 

7 

Colon 

114 

15 

623 

9 

Kve 





Bte coats 

157 

21 

700 

10 

Bens 

3 

< 1 

70 

1 

Vitreous humor 

0 

0 



Lung 

72 

10 

400 

6 

Spleen 

61 

8 

310 

4 

Liver 

30 

4 

110 

2 

Pituitary 

110 

15 

850 

12 

Adrenal 

70 

9 

220 

3 

P.ancreas 

24 

3 

275 

4 

SubmaAillnri gland 

S7 

12 

270 

4 

Testis 

46 

6 

410 

6 

Prostate 

44 

6 

S3 

1 

Seminal le'^iole 

23 

3 

480 

7 

Blood clot 

115 

16 

70 

1 

Cerebrum 

21 

3 

130 

o 

Cerebellum 

30 

4 

ISO 

3 

Spinal cord 

50 

7 

470 

7 

Itiusclo, cardiac 

50 

7 



Muscle, skeletal 

15 

O 



Tooth 

27 

4 

260 

4 

Fat 

16 

o 

190 

3 

Lymph node 



360 

6 


•c.pm = counts per minute ot per 100 mfr. of i\et tissue. 
tProportional = lelntiie distribution usinfr costal caitilape fi-vation at 100 


Part II .—The patient obsened uas a 51-ycai-old vliite Momaii uho entered the hospital 
with widespread i-areinomatosis. Seieral jears pieviouslj slie had received arsenicals and 
penicillin as treatment for sipliilis. Thirteen days before death she was given intra- 
\enouslv 2.0 me. of S'l as Na.S3'iO, in saline. Tissue samples were removed at autopsy 
about n hours after death. These sample® wore kept in the Deepfreeze for several dius 
before processing and counting. No correction was made for radiodecay. 


•These were obt.ained from the MIC Oak RidKe National Laboratories. Oak Ridcre. Tenn 
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IfFSLLTb V\D m«:CUSSION 

^tnictuus kiioun to contain huge amounts of siilfated mucopohsac 
(liandcs ^\oic found to ha\( the highest concenti ition of S” In the lat 
(Tabic I) this gioup includes the tartilagcs of the \iphoid process, the ribs, 
the intcr\ertcbial discs, the tiachca, and the aiticular cartilage of the tibia 
Somewhat loss was found in the membianoiis and cancellous bones, in the 
aoita, and in tendon In stiuctnies which contain considciable amounts of 
coiinectne tissiu, k the Kidnejs and gasti<untcstiiial tract, the concentra 
tion of S” was of the same m ignitiuh as the concentiation in the bone The 
ojccoats sUin, and pituitaij gland as fai as obsir\ed coneentiation of 
IS conccincd, can also be grouped with bone The icst of the tissues, with 
few c\ctptions bad small amounts of the isotope 

Some difteicnees appeal in data obtained fiom the 5 month old and 1 
month old lats The deeieased fixation of S’ b\ \annus tissues of adult lats 
was duo in pait to the difteicncc in si7e—moie ladiosulfui being admimsteicd 
proportionatch to the smaller animal—and in pait to the decieased fixation 
of due to aging In some stiuctuies in the adult lat the amount of radio 
sulfur ma> icflect histologic changes in the tissues eg the basement mem 
bianc in the KidncN becomes tinckei as the animal ages Thus the kidnej 
icficcts a highoi proportional aetuitj m sulfui uptake Similarh, the gastro 
intestinal tract of the adult animal has a gi eater amount of ladiosulfatc It 
IS interesting to note that the seminal xesiclc of the xonng animal has more 
ladioactnc sulfur than the seminal \csiele of the oldei animal, while the re- 
xeisc is tnie of the piostnte ghnd These data nnj indicate that the bio 
chemical changes of aging ha\e a gieatci < fleet in some tissues than m others 
The aoita in the adult and in the xoung animal has approximatelv the same 
sulfur “ content while skin and tendon m the oldci animal contain appieeiabh 
more S^-* than skin and tendon in the xoungci lat 

These rat data cannot be compaied iigidlv to \nines piexionsly repoited 
since experimental conditions diffeied’ " especially in the time aftei injec 
tion of S” that tissue samples weie obtained Howexei, there is genoial agicc 
ment that the soft tissues aie relatixelv low in S” content The high lex el 
of radiosulfui m the cartilage as noted here is similai to that found bj Dzie 
x\ iatkox\ ski on quantitatix e and i adioautographic studx ’ 

The ladiosulfiir content of xaiious tissues of the human adult (Table II) 
XX as found to contiast somexxhat xnth the amount of S’ in coiiesponding tis 
sues of the adult lat Diffeicnees in the ntc oi ponod of giow'th of these two 
oiganisms max account for the xanations The costal and iiiteneitebral disc 
caitilagcs of the lat haxe extrenul> high ladiosiilfate concentration xxhilo the 
costal caitilages in the human adult haxc iclatixclj low S’ concentration 
Although the tiacheal caitilage in the human adult has a high lex el of radio 
sulfate, tompanson xviUi tin b’" content of lat tracheal caitilage is dififieiilt 
since the entiic tiaclua ot the latwasuscdfoi assax 

In the human .ulult tlu stnutuics that xxcic giowaiig most lapidlj, ic 
the tumor tissue (caitinoma oL the breast) haxc the highest concentiation of 
ladiosulfiu This obsinatioii contiasts with that leported by Lewison and 
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A ^AIODIKK’ATION OV Till: LATOX-riXATIOX T]:ST FOR TIIL 

sTi’Dv or RiirrjrATOTn artitrttis 

S Riimns, J*ji D , F W McCoy, M.D , J? 0 M Sc, a.\d 

]] V Buhiiar, jrsc 
Coi.uMRiis, Onto 

iKTuonrciiON 

R ]]CRNTIjY, Plotz and Singci* ha\c dcsciibed and c^alnatcd a so called 
“latc\-fi\ation’' tost as an additional soiologic technique in the diag¬ 
nosis of ihoiiinatoid aithiitis An cvtelldit coiielation ^\as found by these 
authois to exist bct^\ocn tlio lesults of this tost and those obscivod "With the 
scnsiti/cd sheep ciythioo\to technique The al)o\c findings, coupled ^\ith the 
leady a\nilability of the test leagents (polystyicno latex pai tides, boiate- 
NaCl bulTci, and luiinnn g<iinma globulin) as ^^c)l as the idative simplicity 
of poifoiniing the test, suggested that a fmtlioi c\aluation of this tcchniqtie 
vas ^\ an anted 

The puiposc of the tncsont lopoit is to confiim and pcihaps extend the 
obscivations of Plot/ and Singei and to suggest a “diop” modification of the 
latex-fixation test Mliicli minimi/es both the time icquiicd foi poifoiming the 
test and the quantities of loagents needed without snciificing sensitivity 

MATPRIALS VND MLTIIODS 

Latex Ftxation Tests —TIio e<«'<eutinls of the teeJinique is (Icscnbcfl b} Plotz nntl 
Siiigers will be reMcnod ‘'O that ii coinpnri«on cnii be made betT\cen tins and the pro 
po«C(l "flrop" niodificntiou 

latex Ftiation Test (Plotz and Singer) —Two niilhhters of poljstjrene latex particles 
(Dow Chemical Co, 0 81 micron m diameter) are suspended in 20 0 ml of water This 
'<ii«5pen‘?ion is filtered through VVhntmnn No 40 paper and further adjusted with the borate 
bufTer (pH 8 2 and containing 0 85 per cent >iaCl) so tliat approximately 0 1 ml of this 
stock latex suspension, when mixed with 10 0 ml of buffer, will match a light transmit 
tnnee of 7 per cent ns measured bj a spectrophotomoler at G50 m/i with a red filter 

One tenth milliliter of tlio stock latex suspension is mixed with 9 5 ml of buffer 
and 0 5 ml of 0 5 per cent human gamma globulin (prepared by diluting lyophilized Frac 
tion II with the bontc NnCl buffer) The resulting preparation comprises the test 
“antigen ” 

Serum samples, initially diluted 1 20 with the buffer, are further diluted by twofold 
increments through 1 5,120 To 1 0 ml of each serum dilution is added 1 0 ml of “anti 
gen” Included m each test is an “antigen” control containing 1 0 ml of “antigen” and 
1 0 ml of buffer 

The reactants uit thoioiiglih mixed, b\ shaking the tubes, and incubated for 2 
hours III a 50“ C water bath After light eentnfugation (2,300 i pm for 3 minutes), the 

Prom the Departments of Bicleriolos> ami VIecUeme Ohio State Uni\erslt^ 

This study was supported in part b> a grant from The Franklin County Chapter of the 
American Rheumatism Foundation 
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tubes are read for flocculation (0-4+) and the last serum dilution exhibiting evidence of 
aggregation is considered the titration end point. Flocculation by a serum dilution of 
1:20 or greater is considered a positive test. 

“Drop” Latex-Fixation Test (Eheins et al.).—The preparation of the “antigen” 
employed in these laboratories is similar to that just described. The notable differences 
are the use of polystyrene latex particles having a diameter of 1.17 miera (although 
of somewhat larger diameter than the particles utilized by Plotz and Singer, little 
difficulty has been encountered thus far because of the greater size) and the preparation of 
the gamma globulin. Human polio immune globulin, containing approximately 150.0 mg. 
of gamma globulin per milliliter, is diluted 1:30 with the borate-NaCl buffer. This dilu¬ 
tion of gamma globulin has proved satisfactorj' and is analogous to the concentration of 
protein recommended by Plotz and Singer. 

One drop of test serum is added to 1.0 ml. of buffer to effect a 1:20 dilution of the 
serum. From this serum stock, doubling dilutions, 1:20 through 1:5,120, are prepared by 
the usual serial transfer in small tubes (12 x 75 mm.), each but the first containing 2 
drops of buffer. The transferring is easil3’' accomplished with capillary pipettes. Into 
each tube (containing 2 drops of a serum dilution) are introduced 2 drops of the “antigen.” 
Each titration, in addition to an “antigen” control, is accompanied bj- a negative serum 
control. This is prepared bj' admixture of 2 drops of a 1:20 dilution of a known negative 
serum and 2 drops of “antigen.” After shaking, the tests are incubated for 30 minutes 
at either 56° C. or 37° C. (water bath). 

Experience has shown that extrerael}’ mild centrifugation affords the most readable 
tests. Eoutinely, in these laboratories, this has resulted from centrifugation at 1,000 
r.p.m. in an angle centrifuge. As soon as this speed is attained, centrifugation is halted 
and tubes are read in a near horizontal position by the oblique light from either a shaded 
bulb or fluorescent desk lamp. Eegardless of the conditions emploj'ed for examination, 
the titration end point (the last serum dilution in which aggregates are evident) is deter¬ 
mined bj' comparison with the negative serum control. Differences in viscositj' between 
the greater serum concentrations of the titration and the “antigen” control sometimes 
introduces an element of error into the test. This is overcome to a great extent by the 
rigid use of the negative serum control. 

Bj- the modification just described, it is possible to perform a complete titration 
with 1.0 ml. of “antigen” and one drop of test serum. 

A screening procedure has proved practical when large numbers of sera are to be 
tested. Two drops of each serum stock (1:20) and 2 drops of antigen are mixed and tested 
ns above. The appropriate controls are included and, after incubation and centrifugation, 
each serum is examined and the reactivity graded from negative (-) to 4+. All positive 
sera and those of doubtful reactivitj- are titrated. Since the first serum dilution in the 
titration is also 1:20, an opportunitj- is afforded to review the doubtful sera. Although 
partial zones are sometimes observed (the second or third serum dilutions showing greater 
reactivitj- than the initial 1:20 dilution), no evidence of full zones has been recorded. 
This phenomenon is being investigated and the results will be reported at a later date. 

GtoVuUn-Coatei Tanned Frytlirocytes. —One-tenth milliliter of washed, packed sheep 
eiythrocj-tes are tanned bj- the method described bj- Eheins and Thurston.s To this quan- 
titj' of tanned red cells is added 1.0 ml. of human polio-immune globulin, diluted with 
phosphate-buffered saline (pH 7.4) so that each milliliter contains 5.0 mg. per milliliter. 
After incubation at 37° C. (water bath) for 30 minutes, the globulin-coated erj-throcj'tes 
are thrice-washed with the saline and prepared as a 0.5 per cent suspension. 

All test sera are inactivated at 56° C. for 30 minutes and adsorbed twice at room 
temperature with 0.4 -volumes of washed, packed normal sheep erj-throcj-tes to remove 
naturallv occurring antibodies (each adsorption 30 minutes). 

Fcrformancc of Agglutination Test .—^The test is performed with quantities of re¬ 
agents identical with those described for the “drop” modification of the latex-fixation 
test, i.e., to 2 drops of each serum dilution (1:20 through 1:5,120) are added 2 drops of 
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the globulin trtatCil tnnjiod er\thrMA!CH su<ipcii*'inii After mixture and incubation at 
37® C for 30 mimitt'*, tlic tuben uro < eiilrifiii;( d (1,000 r p ni for 2 minute*!) and examined 
for aficlutination The u-^ual coritriN are inclu lo<l with inch tc’t and the titration end 
point iH iloterinined as the last scrim dilution prolucinp visible apjrlutinatinn 

F\1>I IUMI\T\I mSULTS 

Vo?i{/rt/ion of (he **J)rop** Modxficatton of the Latex rxxntion Test —In 
ortlci to dcteimino the leliahilitj of a pioposcd '‘diop” modification of the 
latex fixation tost, the folIo\\ing txponinents t\cie conducted (1) Seia, 
shouii to be iiositnt or negatite hy the maciomcthod, ucic titrated bj the 
“diop” modification In each instance, the incubation 3\as at 50° C for 2 
hoiiis (2) Titrations of positne soia uoic conducted at 30 minutes and at 
2 hoius bx the “diop” modification (3) this technique, positne sera x\cie 
titiatcd at both 37° C and 50° C foi 30 minutes Manj of the same seia x\erc 
employed in the throe expouments 

The composite icsults of these tests aic lecoidcd in Table I In no in¬ 
stance x\as a xaiiation in titei of moic than 2 dilution tubes obsened Of 
particulai inteiest is the absence of false icactions among the xaiioiis pio- 
cedui es 


Tabie I Thf Effect of ^AR\I^G the Quantity of Reactants, the Incubation Timfs, 

AND TEMIFPjVTURF ON TUI ACCUPACX 01 THF E\TEX FINATION TEST 



SEPA 


1 MFTIIOD 

1 INCIBATION 



TOTXI I 
NO 

TESTED 1 

POSITIVE 

NEGATIVE; 

ilACRO 

“DPOI ' 
MODIFI 
CVTION 

30 

XtIN 

UTES 

1 

2 

HOURS ; 

INCUB TEMP 
37® C 5b® C 1 

PERCENTAGE 

ACRPEMENT 


■40 20 JO 40 40 X X 100 

23 25 25 X X x 100 


X_ X 100 


Based on these lesults, the “drop” modifications as outlined in the prexi 
ous section x\eie cmplojed in all subsequent cxpeiiments Incubation of the 
tests XVas conducted at cithei 37° C or 56° C , xvhichcxcr was most convenient 


Table II Results of Testing VAmEXY of Ser\ b\ Latfx Fixation Test and Sensitized, 
Tanned Erytiirocxte Technique 


TOTVLNO j 
OF SFJlA 
TESTED 

NO OF 
PEACTIXE 

SERA 

POS 

LATEX 

FIX TEST 

POS BY 
SENS TVN 
FBC 

POS 

BOTH 

TESTS 

POS B\ 

1 LATEX 

FIX NEC 

BY SENS 

R B C 

1 POS BY 
SENS 
BBC 

NEC BY 
' LATEX 

FIX 

PER CENT 
AGREEMENT 

125 

58 

47 

51 

40 

7 

11 

69 


Coirelatioxi Between Results of the Latex Fixation Test and the Coated- 
Tanned Erythrocyte Technique —One hundred txventy-fixe seia xvere employed 
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in this study. Since the pi;vpose of the experiment Avas to compare the re¬ 
sults obtained with the latex-fixation test and those observed Avith the glob¬ 
ulin-treated tanned erythrocytes, sera Avere chosen at random from those 
available to these laboratoides. (If the total sera tested (see Table II), 47 
Avere positive by the latex-fixation test and 51 by the sensitized, tanned eryth¬ 
rocyte tcchniciue. Forty sera Avere positive by both tests. In 7 instances, 
sera Avere positive by the latex-fixation test and negathm by the sensitized, 
tanned red cell technique. Eleven sera reacted only Avdth the sensitized erythro¬ 
cytes. Of the 58 sera Avhich reacted positively in one or both tests, 69 per 
cent (40 sera) Avere in agreement. 

In general, the titers obserA-ed Avith the latex-fixation test Avere higher 
than Avere those seen A\uth the sensitized red cell technique. HoAvcA’^er, the 
converse occurred AAuth sufficient frequency to merit investigation as to 
Avhether these discrepancies Avere attributable to the techniques or reflect dif¬ 
ferences in the mechanisms of the tAvo tests. 

Serologic licactivity of Patients III With Bhcumatic Diseases, as Well as 
Other Selected Conditions. —The sera from 105 patients Avith a clinical diag¬ 
nosis of active rheiimatoid arthritis Avere examined bj^ the modification of the 
latex-fixation test described above (Pig. 1). Ninety-tAvo (88 per cent) gave 


Si; 

I 

I 

I 



Fiff. 1.—Lalcx-flxntlon reactivity of sera from patients ill with rheumatic and other selected 

diseases. 


positive reactions. In patients AA-ho had cither inactive rheumatoid arthritis 
clinically or Avere thought to he in remission because of therapjq the test Avas 
positive in only 8 (66 per cent) of the sera tested. The sera from those pa¬ 
tients AA'ith rheumatoid spondylitis in conjunction Avith peripheral rheumatoid 
arthritis Avere uniformly positive (100 per cent). In patients ill AA-ith other 
forms of rheumatic fcA'cr, diffu.se collagen disease (lupus erythemato.sus, 
scleroderma) as Avell as spondylitis, gout, and the fibrositis sjnidrome, the 
test sera Avere con.sistently negative. 
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It slumlfl bi 11 Uiitioiiod lint llu Kito\ fi\ntioii titcis obsonod ^\lth the 
p()siti\ o-i( .K tiiip s(ia ! inp:4 (I tiom 1 20 tbnmgli tlu ^neatest siium dilution, 
1 ■) 120 ftcn{i.ill\ tin hitrln i tilds ^\( 1 L obscn(d in tlntso soia fiom jia- 
tunts oxhibitin^^ inon uti\t disinsi 

In annl\/iii^' tlu ilioumatu disi iso patunts as a frioup the tost ^\as 
positne in 101 of 120 jiatunts (bb pir tent) uho uiie toiisidcitd to In^o 
ihtnmatoid aithntis In a \aiut\ of othoi clinical (onditions, nomhounintic 
in natuu, tluu was oiu jnjsitue sinim fioiii a case of infections inononu 
(loosis, 4 positiM siia fioni IS eases of tuboieiilosis, and 7 positne scia fiom 
24 cases of s\philis It is inteicstiiift to note that the sensitized sheep cell 
agglutination test also is lepoited to gne jiositne leaetion in these illnesses 
(infectious inonnnueleosis, luheieulosis anel s\philis) in a ccitam peiccntagc 
of cases 

ni‘JCiiSsiON 

In attempting to coiielate the sciologie itsiilts with the classification of 
patients with ilie.iimatoid aithntis the following diagnostic jnoblems wcic 
iiuountcied 1 he niajoiit} of seia fiemi patients who picscntcd the minimal 
cutena lequiied foi diagnosis of piobable oi possible ihcumatoid nithutis 
(as outlined hj the Committee on Diagnostic Cntcnn of the Ameiicaii Rheumn 
tism Assocntion) ga\e uegatne leactions rmtheimoic, sonic of those pa 
tients weie undci acti\c tioatmont and it was diffituU to e\ahiato the degiec 
of nctnitj of then disease at this time The testing of such scia as these 
maj'* ha\e icsulted in false negatno loactions, thus loweiing the o\ci all pei 
eentage positnitj 

AppiOMinntol) 50 pei cent of the scia liom patients who satisfied the 
cutena foi definite iheumatoid aithntis, but at the picsont time picscntcd 
no clinical eMdcnce of actue disease, icactcd })ositi\c]\ This fact suggests that 
cithci the sciologic demonstiation lags behind the clinical coiuse of the dis 
cose 01 that in a pei eentage of such indiAidiinls i emissions arc tempoiaij 
Con\eisch, it is cxticmelj difiiciilt to determine whj some of the aeij actne 
iheumatoid aithntis cases gaae a iiegatnc reaction 

The most difficult pioblcm in classifying some of the patients arose in 
the so called difiusc collagen disease group These lepicscntcd patients who 
satisfied fnc of the cutena foi definite iheumatoid aithntis, but m addition 
exhibited othei sjstenuc inaolicment which made the diagnosis of diffuse 
connects c tissue disease the onh acceptable clinical impiession The single 
common dcnominatoi in this gi oup as theoaei all negatn c leaetiMtj of then 
seia 

The significance of the positne icaetion in the othei uni elated clinical 
disoideis IS not Known 

Fiom the analysis of the data presented in this preliminary icpoit, the 
following conclusions scorn wan anted 

The “diop” modification of the latev fixation test agrees with the icsults 
of the sheep cell agglutination test with regaid to specificity Also, the ease 
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of performing- the test is an added advantage and, in addition, this test re¬ 
quires less technical time and fewer reagents. 

In view of these observations, it is suggested that this test merits further 
evaluation as a serologic tool in the diagnosis, long-term management, and 
prognosis of rheumatoid arthritis. 

The problem of reactive sera from those iudividvials ill with diseases 
other than rheumatoid arthritis suggests further investigation as to the iden¬ 
tity of the factor or factors responsible. Furthermore, the relationship of 
these substances and those responsible for the positive.reactivity of sera from 
rheumatoid ai-thritis patients should be established. 

SUMMARY 

A “drop” modification of the latex-fixation test for the serologie study 
of sera from patients ill with rheumatoid arthritis was deseriljed. 

The results obtained with this modification appai-ently are in general 
agreement -with those reported by other investigators v-ho employed a macro- 
method. 

It is suggested that this test merits further evaluation in the study of 
rheumatoid states. 
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CHRONIC TOXICITY STUDIES OU HYDRALAZINE (APRESOLINB) 
IN DOGS WITH PARTICULAR REFERENCE TO THE PRODUCTION 
OF THE “HYDRVLAZINE SYNTIROJIE” 

Edmund L Dliiois, JI D , Yui ,I K\t7, MD, PhD, Viviin Frflman, 
\ND Fr\nk Gvrbvk, MD 
Los ANCFLFJj, CVLIF 

H ydralazine (Apicsolme) Ims been used m the treatment of hjpei 
tension since 1051 In 1954, two groups of workers indcpendentlj 
described a febrile SMidioine, oecuinng in patients taking this drug for manr 
months, which was cliaraeteiizcd hr fcrci, malaise, aithialgia, abnoimal Iner 
function tests, lupus ei\ them,itosus like taslies, and, in the occasional case, 
c\cn LE cells' ' These SMiiptoms subsided on withdrawal of hjdialazine or 
upon the administiation of adieinl coiticoids while maintaining the patient 
on Indralazine Others hare also described isolated eases of this clinical 
picture Cornells' ' administcicd this drug to 8 dogs and, m 1955, repoited 
the development of a svstemie lupuslike sjndioinc in animals receiving 10 
to 12 milligrams per kilogram foi pciiods of 1 to 8 months Studies bv 
EarP at Ciba Pharmaceutical Pioducts, Inc, weie not confiimatoij Since the 
laboratory induction of sjstoinie lupus ervthematosus (SLE) might provide 
a useful tool in the study of this disease, we undertook the following evperiments 

vrVTFIUALS AND MFTHODS 

Mongrel dogs neighing from 7 to 19 kilograms wore fed hydralazine m doses of 
from 5 to 50 mg per kilogram per daj, 7 dajs a week The dosages nere determined by 
the control period weights throughout tlic study and were not revised donnward when 
weight loss occurred nith the exception of Dogs 2, 4, and 10 (Tables I and II) during the 
latter part of the experiment Initiallj the drug nns given the first feu animals as sugar 
coated tablets for a short period, but more extensively the medication nas administered in 
powder form First the powder was mi'^cd with approximately 2 ounces of horsemeat but 
more recently it was given in capsules or forcefed if required ^Mien the animals became 
too violent to be fed the material, it was injected intramuscularly The basic ration was 
Purina checkers 

Five types of LE coll preparations were performed at intervals of every few weeks, 
these consisted of the Comens technique of utilizing serum from the dogs plus leukocjtes 
from heparinized human bloods the Sieved 2 hour clot method of Zimmer and Hargraves c 
the Snapper Nathan ring technique,? and the plain heparinized method » Since the desenp 
tion of the rotary method bj Zinkham and Conley® and the confirmation in this laboratory 
of its increased sensitivity over the plain heparin method we have employed it instead of the 
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Table I. SuMJtARy of the Course 


DOG 

DURATION ! 
OF TREAT¬ 
MENT 
(MOO 

WT. LOSS* 
(KG.) 

■i 

DOSE 

(MG.) 

TEMlTT.ATUREf 

1. Female chow (17.3 Kg.) 

4.5 

1.4 

10-20 

175-350 

lOO.S-104.5 

2. Female chow (17.0 Kg.) 

12.0 

3.4 

10 20 

170-350 

102.2-102.2 

3. Male wire-haired terrier 
(9.5 Kg.) 

9.0 

2.2 

10-25 

95-230 

100.4-103.1 

4. Male mongrel (10.9 Kg.) 

9.0 

3.2 

15-20 

1.50-200 

100.7-102.2 

5. Male Bedlington teriier 
(7.7 Kg.) 

2.0 

3.1 

20 

154 

98.6-103.7 

6. Female mongrel 
(18.6 Kg.) 

1.2 


25 

465 

101.5 

7. Female mongjelif 
(13.2 Kg.) 

O.j 


35 

465 


8. Female mongrel^ 

(11.3 Kg.) 

0.25 


50 

575 

102 

9. Female mongrel 
(11-8 Kg.) 

2.0 

1.4 

10-15 

118-160 

101.8-101.5 

10. Female mongrel 
(23.6 Kg.) 

0.5 

4.1 

10-20 

230 430 

101.4-101.3 


‘Control and lowest level. 

tControl level and maximum temperatute 

llnitial sedimentation rate (Wintrobe) and niaxiimmi. 


vuirotated lieparin technique.ro In addition, determinations ol hemoglobin, hematociit, sedi¬ 
mentation rate CWintrobe), white blood cell, and differential counts were performed rou¬ 
tinely. The amounts of blood drawn were limited to a maximum of 20 ml. every 3 weehs 
to minimize blood loss. In addition, routine urinalysis and in some cases blood urea nitro¬ 
gen, bilirubin, phenolsulfonphthalcin and renal biopsies were performed before and after 
treatment. 

COURSE OF HYDRALAZINE TREATED DOGS 

The pattern of toxic reactions varied directly with the dosages given. 
Five dogs, as outlined in Tables I and II, and Pig. I, were initially started 
on 10 mg. per kilogram. (Table II shows the detailed studies performed on 
all animals tvhich, for the sake of abbreviation, have been summarized in Table 
I). Pour dogs tolerated this amount without difficulty and within 4 to 8 
weeks the dosage tvas increased to 15 mg. per kilogram. The fifth animal, 
Dog 3 (Table I), became cachectic and anemic on only 10 mg. per kilogram 
within 5 weeks (Pig. 1). His medication was omitted for 10 days and then 
reinstituted at a level of 5 mg. per kilogram with gradual improvement in his 
physical condition and laboratory findings. He was finally able to tolerate 
a maximum of 25 mg. per kilogram for 5 weeks by graduall.v increasing the 
dose. Dog 9 (Table I) refused the medication 5 days after the dose was in¬ 
creased to 15 mg. per kilogram. She was forcefed and died 2 weeks later 
following 24 hours of status epilepticus. The other 3 animals, Dogs 1, 2, and 
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01 llM'l MAZINF IJ5\1 H>Dog& 


lion * 

(OSt ) 

SI i> 1 

1 \TI 

IIT 


1 

1 

(TIIOl S ) 

1 FMVrhSU 

12 T 10 T 

h 44 

41 

IS 

1 1 ') 27 0 

Prt’Hrmmnl (oiuuKnt Iloj, tacrifictd 

~i (Ih\h liiti r 

ijo no 

4 21 

44 

10 

11 7 24 4 

Sc Table II ‘^iviral Pon\ulsi%c '•(i7uro« llell 
at prc<spnt 

no 80 

Tj 01 

11 "> 

2S 

14 5 ISO 

I’rrbniitn'il € 011 x 111 * 51 x 1 ttizuns Doj; «norifitttl 
Tip 3) 

14 ") 0 0 

2 

oO 

SO 

10 1 22 2 

CoiixiiI<<iX( «tizurcs tifh r 4 mo of tlicru|)} and 
iHlornutfi nllx ‘•jnn C uJiri tii’Jil prt«!cnt 

14 0 IS 

12 SI 

44 

10 

r> 5 21 0 

I*roi:n'*‘5ix< « uhiMii Tin iiOTmobh'sts per 100 
W IK on enidir Dud 

1 >0 lOd 

2 14 

o2 

14 

no 10 2 

1 xxopk nftt r <it irt of imdiration ^ ic 
nH od xxlnn nioribiiml 

no 

f\ 

4o 


no 

\ loleiit 10 dnj'X nftrr start of medaration Dud 

no 

S 

44 


18 0 

A loleiit 4 dix« after •tort of medication Died 

120 11 0 

6 26 

44 

42 

11214 2 

Preterininnt convulsion* Died Last licmogram 
done S xxccks before death 

140 no 

0 2 

40 

jO 

0 1 n5 

Conxailsive «ej7ure«! S nio after start of iiiediea 
timi Doinj; xxoll despite lontinued hxdnlarim 


SMInlmilm nod moxlmum Icxols 

iStimcrouq 1*13 coll studies b> the fl\c toclmlquos described in tlic text were performed et 
montliD Interrnls \1I uere negnthc 

CControI tallies onij Dogs acre too \lolcnt to bate lepcit studies performed 

10, toloiatecl 15 iiig pci Uilogiam loi 5 to 7 ttocKs ttith ouit shglit ttcight 
loss and anemia appealing in Dog 2 (see Table II) The dose ttas then 
increased to 20 ing pei kilogiain IVithiii 4 tints Dog 1 began to snap at the 
attendants and contiilsed He ttas saciifieed Dog 2 aftei leeeiting 20 mg 
pel kilogiani foi 4 ttecks leiustd his medication and had to he forcefed 
Two weeks latei he had contiiKite semiies Dog 10 had contulsite seiznics 
4 weeks aftei ineieasing the dose to 20 mg per kilogiani The dose was 
lempoiaiilt ledueed in Dog 2 as shown in Table II and then eaiitiouslj 
ineieascd again to 20 mg pel kilogiani Thcic hate been no liiithei sei/iiics 
Six weeks aftei increasing the medication to 20 mg pei kilogiam a noimocjtic 
anemia of 9 Gin per cent appealed but this collected itself spontaiicouslj 
4 weeks latci Dog 10 had no fiiitlici seiniics despite continuations of the 
medication at the same let el She has not det eloped anemia 

Dog 4 (Table I) was staited on 15 mg iiei kilogiani which he tolerated 
well for two months Six weeks attei increasing the medication to 20 mg 
pel kilogram he had a contiilsive seizure and noi moot tic anemia The 
drug was omitted ioi 2 weeks and then leinstituted at a letel of 15 mg pci 
kilogram During the past OVi months he has again leceited 20 mg per 
kilogram with paitial correction of his anemia and no recent seizures 
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It seems tlmt tolerance to |i.e dni" was acquifed by cautiously increasing 
the doses as shown iti the-i i. animaK. The tise of larger initial amounts 
discussed below produced a i i mlly toxic downhill course without giving the 
animals time to become .leeuMi' .osl to the drugs. 

Uog d (Table I) was siaried on L’tl nig. per kilogram and within 2 months 
he became cachectic, deiclofied a nocmocytic anemia ivitii 3.S Gm. hemoglobin, 
tind died. 

Dog G (Table I' n.is -.t.iiiMl on J'j mg. hs'dralazine per kilogram body 
wcigiit. IVitliin 1 week sin ii tiiosl ihe medication and by 2 necks she beeame 
so violent that it was cm n diflo nb to inject the drug. The animal was sacrificed 
."> weeks after starting trutni nt. ,ii which time her hemoglobin was 10.5 Gm. 

Dog 7 (Table I) recen.d 1.1 mg per kilogram. IVithin one week she 
refused the hi'dralaaine and had to la- foicefcd and then given parenteral 
material. She died 1.3 d.i.'s after starting the drug. 


4i t.; « . « »» t If pcQjK. pyg fccamort 



1 —Course of Dog 3. Acquisition of tolerance to hydralazine (Apresollne) by gradual 
do«e increments. 

Dog S (Table I) received 50 mg. per kilogram. Two days after starting 
this dosage slie salivated profusely and stood rigidly against the wall of her 
cage. She died G da.vs after starting hydralazine in this dosage. 

Host of tlie dogs were febrile during the latter part of h.vdralazine feed¬ 
ing. Tliere was no evidence of arthritis at any time. (See addendum.) 

miBORATOnV STrmE.s DUKIXG the COUK.se of HYDB VL.VZIXE TRE.VTJIEXT 

Numerous L.E. cell preparations were performed by 5 different methods 
as outlined above and recorded in detail in the accompanying tables. At no 
time were L.E. cells seen b.v anv of the methods. A few tart cells were noted 
in Dog 1. (Fig. 2). These are sometimes confused with true L.E. cells. 

The anemia wliieh appeared was normocytie. Attempts at performing 
a reticulocyte count failed because of inability of the dog’s cells to stain 
in the usual manner with cresyl violet. Normoblasts were found in the blood 
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film of Dogs 3 and 5. Quantitative sennn Inlirubin sttidies in Dog (i bc'foi’c 
and after hydralazine administration were both normal despite the fact that 
his hemoglobin dropped from Ifi to 10.5 (Im. in 5 weeks while receiving 
25 mg. per kilogram. The indirect bilirubin rose from 0.10 to 0.25 mg. per 
cent but little significance can be placed on this change. The gross autopsy 
findings of Dogs 7 and 8 which received 35 and 50 mg. per kilogram, respectively, 
showed bile staining of the tissues, l^nfortunatoly, in these animals no bilirubin 
determinations were made. It is probable that the mechanism of the anemia 
is hemolytic. Further confirmation of this was shown by the microscopic 
studies presented below. 

Leukocytosis occurred in all the dogs. There was not one instance of 
leukopenia. The sedimentation rate tended to rise with progressive toxicity. 



Fig. 2—Tart cell from LE pieparation of Dog 1. (XI.500; reduced 
AUTOPSY FINDINGS 

Four dogs died and autopsy examination was performed 5 hours post 
mortem on 2 and 30 hours post mortem on the other 2. Thi'ee additional 
animals were sacrificed by Nembutal anesthesia when obviously moribund so 
that fresh tissues could be obtained. The only significant gross findings were 
noted in the two animals who received the largest amounts of hydralazine, 
namely, 35 and 50 mg. per kilogram. Their viscera were bile stained. The 
former animal in addition had an area 2 cm. in diameter and 3 mm. deep of 
deeplj^ bile stained material in the liver which appeared necrotic. The bowel 
wall of the other dog was hemorrhagic. The remainder of the organs including 
the kidnej^s were normal. 

hlicroscopieally the most significant changes were found in the liver and 
spleen. There was congestion of both organs with hemosiderosis most marked 
in the more severely anemic animals. No onion skin lesions of the splenic 



' I (» lOMCrn STI on01 It\I)I \I \/IM in DOO^^ lor: 

\ tnJvr I •*“ ’ 

aitdioUs \\ii( fduiul liViininalioii ol tlu kl(lllc^s ii\eil((l iiicKasid glo 
inciulni ((lluinitN o\ci tlu (ontiol |»iitn itiiuiit l)iopsios \\lnoh ^\Llc <n ulablc 
in i doj;s Inloislifnl innnnmuli u iiifiitinlinn w is nolid in (> nf tlio 7 
aiitopsud dofis The infiltnilc n.is most pioiniiunt in tlu siibcpitiulial tissue 
of till lemil pdvjs and often iNtindul ijoii" tlu (Oln^c ol the tnbniis These 
lesions iistmblcd low j;iad( enl\ hnmiin p\eloniphiitis Both mail and female 
do^'sslumid these ehnn;ri s Tlu Icmilishad iumi been citluteii/ed, lioweMr 
then iiiine speeinuns wiie obtainid b\ steiile ttans'ibdominal punctuic of 
the bladdii Tlu mine of one nnli showed huilliiii.i inioi to theidp\ 
Two otlic .1 dops had baeilliiria and pMiiia during: tieatnunt Sections of kid 
iicNs fioin ") othei noinid do^s did not show this lesion Theic was no e\i 
dcnci of wiie loop lesions No helnato\^hIl bodies wcic seen Biain sections 
ie\ealed j;eneiah7(d ciubial edema in 3 out ol 1 dojrs and congestion of the 
blood Mssels in J Numeious coitical lumoiihnfies weie noted in Dog 9 who 
died in status cinhptiius Tlic rcinniiuld of the mieiosiopic tissue was not 
umaikablc o\eopt foi pulmoinn cdiina in soxdnl dogs The nnocaidiiim was 
noimal Bone maiiow sections wen a\ailahlo in one animal (Dog 0) "Marked 
Inpeiplasia was (\ulent in the \oitihtaI and iib spot miens 

DISCU’nSION 

Ilsdialnzinc in dosis ot 20 mg pei kilogiam daih piodiiccd a piogiessuc 
toNic anemia, piohabh homohtic in t\pc, terminating in death In eaehe\in oi 
com idsne sci/mcs These findings ate similar to those of K iil ® H^diala7inc 
IS chcmicalU lelattd to plumIlndiarine, a ding which is known to cause hemo 
htJc anemia Then has been no CMdcnee in om studies tint am changes e\on 
suggestnc ot s\st(mit lupus onihematosus tan be pioduecd How tan one 
then eNjilain the lndiala7inc s\ndiome in human beings? It has been shown 
that Indialazint is a stiong skm sensitizing agent ” The febrile hjdialazme 
SMidioiiic occul^ in about S to 10 pti cent ot patients letening this ding* ” 
The ineidenee of a elimcal pictme suggestue of s^stomlc lupus ei\thematosus 
with the findings of LE tells ^a^ed fiom 14 to 3 0 pei cent in two laigc 
senes ot cases’ Since the diug is a potent sensitizing agent and when 
injected intiadeimalh pioduces doIaAcd scnsiti/ation it is quite likeK that the 
aitliialgia and otlici carh sMnptoms noted tiom tins chemical aie a soium 
sickness t^pc icaction One is led to woiidci whetliei those patients who ha\e 
such a icaction with the finding of true LE cells inaA not lia\e latent lupus 
with a supeiimposed sciauu sickncsslikc leactiou The plopcnslt^ of lupus pa 
tients to ding sinsitization is well known Mam patients with s\stomic lupus 
eiw’thematosus piesuit tliemschcs with Inpoiteiisiou occasionalh in the malig 
nant phase In oiu senes of 220 cases ot SEE we lia\e seen se\eral whose pie 
senting piohlom was malignant hjpeitcnsion Two e\en lecencd Indialazmo 
foi se^eral weeks without auN ill effects 

It seems hkeh theiefoie that we arc dealing with 2 tipes of ludialazine 
reactions,’ the most common being a diug sensitiMt\ in a patient with esson 
tial hjpeitension and the othei being a patient with latent SEE whose 
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underlying disease is exacerbated the use of hydralazine. In this latter type, 
the picture is typical of the underlying disease and L.E. cells are found. The 
disappearance of the symptoms and laboratory changes after withdrawal of a 
noxious agent SLE is common. 


SUMJIARY 

Ten dogs have received hydralazine in dosages varjdng from 5 to 50 mg. 
per Idlogram for as long as 12.5 months. The animals tolerated 10 mg. per day 
or less without difficulty and by graduallj^ increasing the dosages tolerance 
can be developed to as much as 25 mg. per kilogram. The pattern and rate of 
toxic reactions varies directly with the dosage schedule. Utilizing 50 mg. per 
kilogram the animal died within a week whereas on 15 mg. per kilogram it re¬ 
quired 3y2 weeks or more. A progressive normocytic anemia, fever, anorexia, 
and cachexia appeared often with terminal con^mlsions. Leukopenia never 
appeared despite numerous tests. L.E. cells were not found at any time. Five 
different techniques were used for making the L.E. preparations. Autopsy 
studies showed congestion of the liver and spleen with hemosiderosis of both 
compatible with hemolytic anemia. Generalized cerebral edema was present. 
There were no renal or other changes suggestive of SLE. 


^ADDENDUM 

Since listing the data in this paper three and one-lialf months have passed. Dogs 2, 4, 
and 10 are all alive and well on a maintenance dose of 20 mg. of hydralazine per kilogram per 
day. They have gained an average of one-half kilogram in weight during this period. Dog 
2 has received the medication for a total of 16 months. Dog 4 for 12.5 months, and Dog 10 
for 9 months. All their laboratory studies enumerated in the text, including sedimentation 
rate and hematocrit, are normal; L.E. cell preparations are all negative. 
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CHEMICAL EVinENCE OF TOLEE^VNCE TO PIIENOBARBIT.VL 

lUMXG SuNSIlIXF, Pn.D. 

Cle\el.ind, Ohio 

P HENOBARBITAL lias been used therapeutically for many years. Its 
efFecti\ cncss ns a .se(lali\e has long been lecognized In addition, the anti- 
eouvulsivc properties of pbcnobarbital make it a major therapeutic agent in 
the symptomatic treatment of giand mal and status epilepticus Thus, many 
patients arc introduced to routine use of this dnig. As a result of this pro¬ 
longed therapy, habituation is not an infrequent occmrence This may result 
in chronic intovication and has been described clinically by Isbell * Some 
individuals do\elop what seems to be a tolciance to this intoxication, and al¬ 
though this has been described clinicallj',**’ little chemical evidence has been 
offered to support it. This paper is a study of 8 eases of phenobarbital intoxi¬ 
cation. The concurrent clinical and chemical data substantiate the thesis that 
tolerance does develop. 


MATERUL \ND ^lIETIIODS 

Patients in \arious ho«pitnU in Cuxahoga County (Cle\ eland, Ohio) ^ho were hos 
pitalized for acute tmrbituratc intoxication were studied In some of thc^e cases, atypical 
chemical data suggested tolerance to the drug in tlie«o indiMduals In addition, several 
phenobarbital habituated epileptics, admitted to the hospital for the purpose of reducing or 
adjusting their phenobarbital thcrapj., were studied. Periodic blood and unne samples 
were taken from tliesc patients Simultaneously, tlicir clinical conditions were observed and 
objectsely rated as follows 

Stage I: Awake, competent, and mildlj sedated 

Stage II Sedated, reflexes present, prefers sleep, answers questions when roused, 
does not cerebrate properlj 

Stage ni: Comatose, reflexes present 

Stage IV; Comatose, no reflexes obtainable 

Stage V: Comatose, no reflexes obtoinable, and with circulatorj and/or respiratory 
difticult\ 

These stages do not ha>e definite limits, but blend into each otlicr. The deep tendon re 
flexes were used as the criteria for the presence of reflexes Corneal, pupillary, and abdomi 
nal responses are subject to more \ariabilit\ in relation to the levels of anesthesia Gag 
and cough reflexes return at about the same time as the deep tendon reflexes, response to 
pain returns later The respirator}' difficult} in Stage V is due to direct depression of the 
medullary respiratory center and is not due to the secondary pneumonia which often de 
velops in these patients 

All chemical phenobarbital determinations were done using a minor modification of 
the ultraviolet spectrophotometnc technique de'«:ribed b} Goldbaum« All chemical data 
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(Icsfiibod by Xillson* and Ib-kuihoff," "was maintained by the attending physi¬ 
cians A( the end oi these penods both those patients \\cio in Stage 11 ^\itIl 
blood Imiliituiate !e\cls of S 2 and S S ing per cent, lespectiNelj. 

Fn all S patients th(‘ blojul ])heiiobaibital le\el was V/j to 2 times higher 
than “a\eiage” toi a gi\(ii elinnal state The blood phenobarbital level at 
nhich tlnse jiatients were abb to inenlate pioperly nas appioximatcly 7.5 mg 
per cent The “aieiage” intovieated patient nith this blood phcnobaibital 
le^el nould piohabh be in Stage FFI, comatose, nith noimnl icflc\es (Table TI) 
Henal eleai.met ot phenobaibital nas studied in so far as clinical facili- 

U X 

ties allowed Tlu t b aianees wcie ealeulated in the usual way C=—g— 

U was the mine phenobaibital eoncentiation and V the late of mine flow in 
millilitcis per minute The blood plicnobarbital coneentiation (B) was not 
eoireetcd for piotein binding Pig. 1 shows that icnal eleaiaiicc is a function 
ot the latc of mine flow 



1 2 3 

Urine flow ml. /min. 


1 _Renal clearance of phenobarbital \s urine flo^^ Cach symbol reprc'^ents \arlou‘? 

renal clearances obt lined from a eWen patient at \arious times Uurlnir hi'> hospital stay 4 
different patients uere stu<Hed 

The data in Tal)le III indicate the cleaianco is independent of the blood 
plicnobarbital coiieentratioii Tlicse data substantiate those lepoitcd by Lous® 
Uiinaiy exeietion of phenobaibital was also studied The daily urinaiy 
cxeictiou seemed to be independent of the dose In 70 per cent of the analyses 
made, the daily phenobaibital exeietion laiiged fiom 80 to 100 mg. In most 
of the moic sciioiis phenobaibital intoxications, the average daily urinary 
exeietion was 120 mg The pei cent of a ghen dose cxcieted daily is inve 
piopoitional to the amount ingested (Fig. 2). 
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In 4 patients, the daily dose of phenobai-bital -was known. \Vhenever pos¬ 
sible, 24-hour urine samples were collected from these patients to determine 
the percentage of the dose excreted each day (Table IV). These data sub¬ 
stantiate the fact that the average daily phenobarbital excretion is about 30 
per cent of the ingested dose. There have been similar statements in the litera¬ 
ture,^®’ but some few investigators claim this value is as high as 60 to 80 
per cent. 





Daily dose mg./dqy 


Fig. 2.—Urinary excretion of phenobarital. 


Table III. Benal Clearance of Phenobarbital as a Function of Blood Phenobarbital 

IjEVELS 


BLOOD LE^'EL 

[ RENAL CLEARANCE (ML. PER MIN.) 

(MG. PEE 100 ML.) 

1 RANGE 

1 MEDIAN 1 

CASES 


2.0- 2.9 


1.04, 1.46 


2 

3.0- 3.9 


0.49-2.84 

1.1 

4 

4.0- 4.9 


0.73-3.1 

1.3 

14 

5.0- 5.9 


0.52; 0.80; 1.5 


3 

6.0- 6.9 


1.2-2.2 

1.7 

5 

7.0- 7.9 


1.3-3.2 

1.46 

5 

8.0- 8.9 


0.78-3.08 

1.2 

8 

9.0- 9.9 


0.32-1.2 

0.8 

4 

10.0-10.9 


0.59, 0.83 


2 

11.0-11.9 


0.94 


1 

Table IV. 

Per Cent of Daily Phenobarbital Dose* Excreted in the Urine 

PER CENT EXCRETED | 

CASES 


10-30 


16 

. - ■ 


31-50 


5 



51-75 


5 



over 75 


3 



‘‘This dose varied from 64 to 64 0 mg. per day. 
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mSCUSMON 

The question of toloiaiitc to b.nbitiir.itcs lins boon debated for nuiny yeais 
Jfueh of the lack of afrioemcnt can be tiiiecd to sescial factois (1) poor or 
loose definition of the trims loloiance and addiction; (2) difCeienccs in the 
time betneen doses, the sire ot doses and the species and miiiiliei of animals 
iin oil ed in the studies (iinbi r and Kejsci” hai e adequately lei icii'cd e\ist- 
iiiK nniiiinl studies on this topic Then oiin definitive iioik indicated e\- 
perinicntai animals slioned a iiiodeiatc dopicc of tolciance to the hypnotic 
action of laiions baibitniatis Tlieic iias no incicascd tolciance to a lethal 
dose (LD fiO), but some iioss toleianee iias dcmonstiated The animals lost 
their acquired tolciance folloinnp; cessation of baibitiiiate administiation 

Idcstroni,” iioiKin" iiitli pieiioiislj undiagnosed epileptics, found that 
initial daily doses of plunobaibital impaiied these patients' pcifoimanees of 
standaid tests Aftei piohmgod theiapy at the same dosage, this impairment 
lias no loiigci appaient 

Isbell and Fiasii’ baic dcseiibed hiiinan tolciance to baibitiiratcs clini¬ 
cally. They indicate this toleiaiicc is neici complete Each individual builds 
his oivn tolciance to a certain lei el Anj incicase in the baibitnrate dose be¬ 
yond this, eicn ns little ns 0 I Clin, icsiilts in mniked acute into\ieation 

AVright’ statis that eontimioiis tliciapj «ith baibituiatcs leads to toler¬ 
ance, but that such toleianee is not gieat In his study he only foiiiid 2 cases 
with lotcis coinpaiablc nitli those in Table I, while the test of his cases show 
much lower let els He also noted tolciance to the shorter acting barbitiiiatcs 

Lons” studied 20 epileiitic patients on daih phcnobaibital thciapv Of 
these, 70 per cent tcceiied 200 mg or less daily The remniiidci received no 
more than 400 mg daily lie noted scvcial ot these patients wore in a normal 
state of consciousness at a scimn phcnobaibital lei cl of 5 mg. pel cent Many 
recent investigators also inditated that most patients ate somnolent at this 
serum phenobarbital level 

The data picsciitcd in this study (Table I) corroboiate the fact that tolei- 
ance to phenobarbital docs e\ist The 4 epileptics studied leqnited consideta- 
bly more phenobarbital to achiesc a given clinical condition than does an 
“average” patient For each clinical st.agc dcsctibcd, the blood phenobarbital 
levels, which are a diiect function of the dose, weie always much higher in the 
8 patients studied than those found in other patients acutely intoxicated with 
phenobarbital (Table II) 

Acute tolerance to large doses of Pcntothal was reported by Brodie “ 
Lous’” could not demonstiate this phenomenon wnth either barbital or pheno¬ 
barbital For acute tolerance, those patients with high initial doses should 
waken with higher blood barbituiatc lei els than those with lowei initial doses 
The data on the epileptic cases in this study do not indicate acute toleianee 
was achieved by any of these patients Although the aetiial doses were not 
known in 2 eases, they obi lously were not the same The actual doses in the 
othci cases are gi\ en m Table I They i arj eonsidei ably Howei ei, the blood 
phenobarbital level for Stages I and II weie reasonably similar in all the eases 
studied (Table I) 
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The renal clearances of phenol)ai'bita] and its urinary excretion are the 
highest generally obtained for any barbiturate, with the exception of bai’bital. 
Despite this fact, the absolute values arc relatively small. Thus, excretion is 
onty a small factor in the way the body handles phenobarbital. The largest 
portion of the drug is metabolized, probably by the livei’. Although high urine 
flow gives a higher clearance, it is doubtful that this type of therapy is effica¬ 
cious in a seriouslj' intoxicated person. In these eases, the ui-mary excretion 
of 80 to 160 mg. daily is not significant. Much more heroic therapy is indicated 
in these acute episodes.’®' ” 

sumt.vRY 

1. Clinical and chemical tolerance to phcjiobarbital is demonstrated in 8 
patients who have been on phenobarbital therapy for long periods of time. These 
patients recovered at much higher blood levels than “average’’ indmduals. 

2. The renal clearance of pheirobarbital is directly related to the urinary 
flow rate. 

3. The renal clearance values have no relationship to the blood phenobarbital 
concentration. 

4. An average of 30 per cent of a daily phenobarbital dose is excreted by 
the kidneys. 

5. In 70 per cent of the analyses made, the average uriitary excretion of 
phenoltarbital varied from 8 to 160 mg. per day. 
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LABORATORY METHODS 


DETECTION OF MYELOIIA PROTEIN IN URINE BY A NEW 

QUICK METHOD 

P. EFFERS0K, M.D., AND B. TiDSTRfijI, jU.D. 

Copenhagen, Denmark 

I N SOME patients suffering from myelomatosis the renal clearance of myeloma 
protein is so great in proportion to the rate of formation that the protein is 
not detectable in scrum by electrophoresis or salting-out, OM’ing to a very low 
serum concentration. 

Electrophoretic demonstration of myeloma pi'otein in urine is a relatively 
laborious process and consequently expensive, because pilor to the electro¬ 
phoresis the lU'inary protein has to be concentrated by salting-out and there¬ 
after again isolated by dialysis. 

Below we shall describe a simple method of detecting myeloma protein in 
urine, based on the differences in solubility at certain salt coneentrations be¬ 
tween myeloma protein and the protein occurring in urine from patients with 
nonmyelomatous renal diseases. 

PRINCIPLE 

In preliminary experiments avc found that; 

1. In urine pure myeloma protein is salted out as globulin (Pig. 1, «)• 
The peak of the salting-out diagram varies from one patient to another, within 
a range of 30 to 00 per cent salt concentration using 3.0 mol potassium phos¬ 
phate. 

2.-- In urine uouinyeloma protein is salted out mainly as albumin. The peak 
of the Salting-out diagram usually lies at about 75 to SO jicr cent salt concentra¬ 
tion. At TO Iter cent salt concentration less than half of the total amount of 
protein had been precipitated in eaeli of the ca.scs tested (Pig. 1, h)- 

3. In cases of myctomato.sis with myeloma jn’otein in the urine the latter 
most often contains nonmyeloma protein as well (Pig. 1, c). 

Yhethcr in these cases more or le.ss than half of the ioial protein content is 
salted out at 70 per cent salt concentration depends on the quantitative ratio 
between the niyelomatous and the nonmyelomatous )irotein. At a low myeloma 
protein concentration and a high concentration of nonmycloma protein less than 
half of ihe total protein may hypothetically have been salted out at a 70 per cent 
salt concentration. 

The object of the present inve.stigation has been to determine how often the 
presence of myeloma protein will cause precipitation of more than half of the 
total protein at a 70 per cent concentration of the stated salt solution, even if 
nonmyelonrS, protein is present at the same time. These preliminary results have 

Cian-irchiefp PouVKoinmunoho-spltal. Copenhagen. Denmark. Physi- 

Aided by a grant from “Kong Christian d.X's Pond." 
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been tested on 21 cases of myeloma pi^otcinuria and the issue was compared with 
tliat of the simplest modificalio 2 i of the so-called Bence Jones test, the tempez’a- 
ture flocculation test. 



per ce/76 in vo/ame of S6 mo/ 
potassium phosphate so/ation 

FIff 1 —-Salting-out diagrams for urinary protein (outlined) n, lljeloma protein I, 
Nonmjolonia protein c, Doth forms of protein In the same urine (100 per cent salt satura¬ 
tion = i C molar emulmolar nionoliydrophosplmtc and dihydrophosphafe ) 


MATEIlIAl/ 

1 Of 21 patients tvitli myeloma proteinuria,* the diagnosis in 18 had been, made from 
the finding of mjeloma cells in tho bono marrow.t During the development of the method, 
the remaining 3 were disclosed on routine examination of all tho patients with proteinuria 
’u tlie department. In 2 of these tho diagnosis was \enfied by bone marrow analysis and 
in all 3 cases by electrophoretic analisis of the urinary protein. 

Urine specimens from the^e 21 patients were submitted to a salting out test as i%cll 
as a temperature flocculation test In the cases where one of these two tests was negati%e, 
electrophoretic analysis of the urinary protein was carried out as iiell t 

2. The urine of 50 consecutive patients was proved b;v Holler’s test to contain protein 
owing to acute or chronic renal Ji'«cases of nonmv elomatous nature. Urine specimens from 
these patients viere submitted to a salting out lest also 

3 The urine of 21 unselected patients contained protein, as revealed by Heller’s 
test, due to acute or chronic renal diseases of a nonmj elomatous nature. Urine specimens 
from the«!e patients were submitted to a temperature flocculation test. 


REAGENTS 


1 Salting out Test — 

S 6 molar equimolar mono and dihydropotassium phosphate solution: 
245 0 Gm. Kn 2 p 04 (analytic salt) 

• 313 6 Gm KjHPO^ ("rein” quahtj, Eiedel de Haen). 


•We thank the Chiefs of the respective departments who have sent us urine from 
myelomatous patients 

tWe are ereatly indebted to Dr H Gonmsen of the Department of Forensic Medicine, 
University of cfopenhagen, and Dr Charles Johansen, Prosector at the Cresundshospital. Co 
penbagen, for information on the myelonia patients 

JThe electrophoretic analyses were earned out by Dr Niels Harboe, the electropho¬ 
retic Laboratory (Tiselius apparatus). Department of General Pathology, University of 
Copenhagen 
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Tilo salts are dissolved in a 1000 ml. flask in distilled water np to the mark. The opales¬ 
cent solution is Altered clear through hard filter paper (e.g., .Schleicher & Schiill 602 eh.). 

Control of the solution: A correct proportion between mono- and dihj'drophosphate 
and a correct total salt concentration are secured b 3 ' means of pH measurement and de¬ 
termination of specific gravit.v. 

In the dilution of 1 ml. of salt solution to 35 ml. of distilled water the pH has been 
found to be 6.80 ± 0.01. The relative .specific gravitj' against water at the same tempera¬ 
ture has been determined at 1.376 t 0.003. 

To obtain precipitation of all the urinary' protein it was necessary to work vrith 
highly' concentrated salt solutions. The salt solution used is at room temperature con¬ 
centrated to almost 100 per cent saturation, and the dissolution of the salts maj' require 
standing for some time and powerful shaking. Higher temperatures will increase the solu- 
bilitj'. Since, however, it seemed in a few experiments as if the salting-out capacity’ 
increased if the solution had been heated, we chose to keep the temperature within 30° C. 
yvhile dissolving the salts. 

Monohy-dropotassium phosphate is nonerj’stallizable, being, therefore, unobtainable 
in pure form. The stated control of the solutions was accordinglj' necessary-, ilonohydro- 
sodium phosphate, as used by- S. P. L. Sflrensen, is obtainable in pure crj-stalline form. 
It is, however, less readilj’ soluble than monohy-dropotassium phosphate and the salt con¬ 
centration at 100 per cent saturation will be so low that not all the protein in the urine 
can be precipitated. 

The specific gravity- was determined by- weighing the salt solution and the distilled 
yvater in the same 20 ml. flask. 

2. Temperature Flocculation Test .—As buffer yve used the folloyving solution: 

0.07 M NaH.PO, 

0.01 H Na,HPO, 

pH 6.0 at ionic strength 0.1 of the solution. 

PROCEDUKE 

1. Salting-out Test .—The test requires 3 ml. of clear filtered urine. The solutions are 
measured off into approximateij- uniforml}- calibrated test tubes, ns sho'vy-n in Table I, 
and the tubes are inverted cautiouslj- 4 times. A positive result for m)-eloma protein is 
indicated bj- a more extensive precipitation in tube No. 1 than in tube No. 2. A negatiy-e 
result does not exclude mj-eloma protein (see results). If in doubt as to which of the 
tubes presents the most extensive precipitation, yy-e maj- submit the specimens to 
photometrj'. 

Table I. Salting-out Test 


! 

POTASSIUM 




SALT- 



PHOSPHATE 

1 


TOTAL 

CONCENTRATION 

CONCENTRATION 

TUBE 1 

SOLUTION 

H,0 

URINE 

VOLUME 

(PER CENT 

OF URINE 

NO. ' 

(ML.) 

(ML.) 

(ML.) 

(ML.) 

SATURATION) 

(PER CENT) 


1 14 4 2 20 70 10 

2 18 1 1 20 90 5 


The test is inapplicable for urine that cannot be filtered clear, as well as for urine 
to which chemicals have been added, e.g., oyving to bladder lavage. 

The mixture of urine, water, and salt solution should be iny-erted onlj- 4 times and 
should not be shaken, as shaking will cause an inconstant increase of the turbidity-, 

Readings can be taken imniediatel.v, and must bo taken yy-ithin half an hour of mix¬ 
ing, because standing yy-ill also cause an inconstant increase of the turbiditj-. For the 
photometrj- we used Pulfric’s step-photometer yvith filter No. 6 and a light path length 
from 0.5 to 5.0 cm., dependent on the degree of tuibidifj-. In the present investigations 
the naked-ej-e readings were in all cases controlled bv photometric readings. 

2. Temperature Flocculation Test .—Equal parts of the buffer and filtered clear urine, 
usually- 2 ml. of each, arc heated sloyvlj- under stirring on water bath, yvith a thermometer 
dipped in the mixture. 









r> 

Nur-ber I 


OETECTIOX OF MIELOMA PFOTEIA IX UKIXE 


137 


FIoccaHtion at 65® C or loner temperature i** recloned a** po«itirc for mjeloma protein 
V, ne^tive result does not exclude mvcioma protein («eo re-ult®) 

To avoid a too rapid n^c in teniH?raturc when the critical temperature of C’)* C wa> 
pa5«ed we always removed th^ 'ource of heat a« «oon n« thn tnerTrOr’Cter «ho^el 55® C ana 
thereafter continued with very <loir intermittent heating 

E\PEBrMr\T\L 

The 'alting out le^t na*' positive in 13 of the 21 patient- with myeloma proteinuria 
(Table II) In the IS ea*e«! the po-itne reaction wa« directly vi«ible b\ the rahel c'c and 
confirmei tiy photorcetrx In the niretcenth the reaction wns doubtful when viewed directly, 
but photometry «howed it to be po«itive 

In the 7 ca«es with a po-itive «nltinfrout te-t, but n ne^ntive temperature flocculation 
te«t, the onnary protein wa« «iibmilted to electrophoretic annh«i<i which revealed m'elona 
protein in the unne in all ca^e^ 

In one of the two patient's «ufTcnnj; from mye!oinnto»i5 with a negative 'alting out tC't 
the temperature flocculation te-t na« po<sitire Kepente^l 'altin" out te-t on urine p'oiuccd a 
few weels Inter gave a positive result hoicvcr, the fir-t te-t un« negative, po—ibly due 

tn an error of the routine performance, it wol' «et out n< negative in Table II 


Te/nperafcfrs f/occ£//af/on 



Fig 2 —Flocculation temperature for urinarr protein at pH 6 in patient's with niyelomato is 
and other form® of proteinuna 

In all 50 patients with renal disea«e' (-enes J), the «alting out te^t ga\e negatne 
results when viewed directly i continued bv photometry) \Vhile the protein pre-ent in onne 
from the patient® of 'cne® 3 with renal di®<*a®es m no instance flocculated at temperature- 
under 65® C, a lower flocculation temperature wa® seen in onne from more than half of the 
patient® with myelomato i® (Fig 2) 


Table IT FFEQn:^c^ of Positive Reaction^ in ■^^TELOlI^ Ppotei\lri-\ 


NIMBEP ' 

SMTINO OLT TEST 

1 TEilP rtOCCLIATION TEST j 

1 “BFNCE JONES” 1 

EXFCTPOPHOPESIS 

12 

Po'itive 

Po®itive 

Not te«ted 


Po'itive 

Xegatire 

Po-itive 

1 

Negative 

Po®it3ve 

Po itive 

1 

Negative 

Negative 

Po'itive 

21 

19 

13 



After 3 weeks repeated testing of unne from the patient set out in the table as 
negati\e to the salting-out test and po®ItHe to the temperature flocculation test ga\e positive 
reaction to the salting-out test («ee text) 


If ue regard a flocculation tempe-ature under 65® C a- positive with a view to myeloma 
protein, this reaction wa® positive m 13 of the 21 patients \nth myeloma proteinuria 
iTable’lI) 
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DISCUSSION 

The properties of the protein described by Bence Jones’ (1848), in liis 
only case reported of myeloma proteinuria were, from a modern point of view, 
rather inaccurately explained. He only stated that by adding acid the urine 
became turbid, and that the turbidity disappeared by boiling and returned 
after cooling down. The numerous subsequent Bence Jones tests, often modi¬ 
fied beyond recognition, work with highly different pH values and flocculation 
temperatures. The modifications, e.g., that of Jacobson and "Wilner," aimed 
at verifying the properties demonstrated by Bence Jones in the presence of 
other protein as well, such being often found, are laborious and the chance of 
a falsely negative result is great. They must therefore be regarded as obsolete 
since the introduction of the technique of electrophoresis. 

The modifications based on the faet that certain myeloma proteins have 
a fairly low flocculation temperature are also called Bence Jones tests by some 
workers, though they have nothing to do ivith Bonce Jones’ original description 
of the properties of mj'eloma protein. 

The temperature flocculation test, just as the salting-out test, has the great 
practical advantage of being easily carried out, especial^ compared A\fith 
electrophoretic analysis of urinary protein. 

The salting-out test and the temperature flocculation test both require onlj’- 
one reagent. For the untrained person, the salting-out test is easier to read and 
quicker than the temperature flocculation test, and positive findings in my¬ 
eloma proteinuria are considerably more frequent, in the present sei’ies being 
about 90 per cent against about 60 per cent. 

In our experience, a salting-out test, and possibly also a temperature floc¬ 
culation test, ought to be carried out in all cases of proteinuria where a non- 
myclomatous renal disease is not unquestionably present. In eases of positive 
results the diagnosis should be verified by electrophoretic analj'^sis of the 
urinary protein. 

The fact that in a medical department we disclosed within one year 3 
cases of myeloma proteinuria by means of the salting-out test illustrates the 
value of this test. 

SUMMARY 

Myeloma protein can be detected in urine by a simple method based on the 
difference in solubility in certain salt solutions between mj^cloma protein and 
protein occurring in the urine of patients with nonmyelomatous diseases. 

Among 21 patients with myeloma proteinuria the simplest modification of 
the “Bence Jones test,” the temperature flocculation test, was found positive in 
about 60 per cent, whereas the salting-out test was positive in about 90 per cent. 
Falsely positive reactions were not observed in cases of nonmyelomatous pro¬ 
teinuria. 
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V Xi;w METHOD FOR THE JSOEATION OF TUBERCLE BACILLI 
UROM FECAL SPECLMEXS 
Ltwis J CiiiiniTii, Pii U , wi) SvM \Tonf A Dln viio, JI S 
Bxtv\h, N ^ 

IMROimtllON 

T he time pio\cd method foi the isolation of tiibeicic haeilli emiilois cithei 
a sputum 01 gastiie spcemieii Befoie the adieiit of ehemotheiapi, this 
method was adequate Iloiieiei, \eii eailj in the use of aiitituheiculous dings,' 
sputum uductioii was obsened to be so pionoiiiiLod ns to appioach tbc disap 
ptaiiiig imiiit, mahiiig gastiic hiagc ncccssaii M’lth some patients, this pie 
suits no ptobleiii In othei patients, it is a maioi iiiideitnUiiig to collect a 
gistiio Hashing It is dcsiiablo that an altciuntil e method he ainilablo hi 
iiliith oultiiies maj bo obtained 

The use of an iiiipioied digestion nicthod' and a flotation piocess suggested 
b\ Mtidd and Jliidd,^ m 1924, hate made it possible to use focal specimens foi 
cultiiio of tubeiclc bacilli succcssfulh The pin pose of this \ioih was to einluatc 
a tiisoduim phos]iliatc method foi decontaniinntion and a miiieial oil method 
foi coiicentiation of the tubercle bacilli fiom fceal specimens 

MlTPmiLS \\D nrTIIODs 

Oiil) intieiits gi'jnj posituc sputum cultures bj slnmliird metlioils wore included in tins 
stud} A 23 Gm fresh fecal specimen nas added to o screi\ cap test tube containing 15 
m? of situraltd aqueous tnsodium phosphate solution The specimen uns shaken in a paint 
sinker for 15 minutes to obtain complete emulsion piior to incubation at 37® C for 12 hours 
Flotation of the tubercle bacilli uas accoiuplisliod bj the addition of 4 ml of neutral mineral 
oil \Mtli an additional 5 minute sinking The oil lajcr uas allowed to separate out and 
cultures ucre made using only the oil Ia>er Three tubes of Louensteiii’s medium (Jensen 
inodiiication) nere seeded for eicli specimen ■\^eckIy readings i\erc taken on the tubes for 
eight weeks The amount of contamination n is noted and the time of first appearance of 
tubercle bacilli on cultures recorded 

rESULlJs 

In all, 102 specimens weie piocesscd m the inannez desciibed abo\c The 
decontamination \ei} satisfactoi*} in that onlj tuo specimens of the total 
^\e^e lost because of contamination A total of 26 cultiues pioduced giowth that 
was tjpical of Mi/cobactefiujn tuheiculosis A repiesentatue number of these 
acid fast cultiues were injected into guinea pigs and were found to be inulent 
No paiticular diffeicnees in colonj form or late of giowth weie obsened in the 
fecal isolations as compared to colonies from sputum oi gastiic specimens 
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DISCUSSION 

The isolation of Myco. tuberculosis in 25 per cent of the fecal specimens 
makes this method usable under certain circumstances. Onr experimental data 
agrees with that obtained by Petroff in 1915“—to isolate tubercle bacilli directly 
from feces is not easily accomplished. A thorough decontamination is the most 
important step in isolating tubercle bacilli from fecal specimens. 

Since our method does not recover the tubercle bacilli in a number of the 
eases, it is not a substitute for the culturing of sputum or gastric specimens. 
However, in cases where no sputum is present and gastric lavage cannot be 
tolerated, fecal culture may prove of considei'able use. Enzymatic destruction 
of the tubercle bacilli in the intestinal tract was not considered as a factor in 
this work. The use of a purged specimen and immediate pH adjustment to 
inactivate the proteolytic enzymes might be an important factor in improving 
this culture method. 


SUMMARY 

A trisodium jihosphate digestion and mineral oil flotation method for re¬ 
covering tubercle bacilli from fecal specimens has been deseribed. Some methods 
for improving the culture recoveries are discussed. 
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AN EVALiiATION Or TIIK SACiI PLKSS 
CANCER DETECTION TEST 
Tno^r \s F SrLLnis Jk , JID 
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I N RECENT jcais coiisidciable cflToit Ins l)Con (le\otC(l to the (le\olopment 
of a simple seicening tost fot the presence of nnligiinnc\ Numeious pio 
(cduies }n\e been proposed fiom time to time mocssiiiing ^allous enzMnatic 
immunologic, biochomicnl oi plnsicnl pioptitics of blood oi seuim ‘ The 
enthusiastic iiiitnl icpoits lia\e been followed almost without c\(.option In 
Intel e\ahntions which hinc leicalcd such n high incidence of false positnc 
and false negntne icsults that the test Ins been discaided ® 

Sagi and Plcss*’ have icccnth desenbed tlie ])ielimiini\ lesiilts with a 
technique of diffcicutntion of scia on phenol These niithois obsened a \ei> 
low incidonco of false positnc tests (2 of 1 500 oi 013 pci cent) and a higei 
but ntccptable incidence of f ilsc negatue tests (30 of 357 oi 8 4 per cent) 
The mechanism of this leittion is thought to lie an inteiplaj of the pie 
cipifnting eflftet of diluted aqueous phenol, and the dissohing elTcet of eon 
ccntiated phenol, upon piotcms Vanations in the obsened icaction aio piob 
abU dependent uiioii qualitatnc and possibla qnantitatne diffeiences m the 
scium pioteins Tliat these dilTei cnees mnj be specific foi the piosence oi 
absence of malignant neoplasms is the basis foi the use of this lenetion as a 
scieoning test foi cancel 

This lepoit desciilies the icsults of an evaluation of the Sagi Plcss test 
<at a 300 bed Yctciaiis Admmistiation Hospital 

aiVTruuLS and hftiiods 

tests Tverc performed on lOl persons, all of whom tvero pitients in the liospital 
Initial screening of the patients excluded those having certain nonmahgnant di-’cascs 
de‘5cribed bj Sagi and Plcssia as causing false positive result'^, le, uncontrolled diabetes, 
pernicious anemia, renal disease with nitrogen retention viral hepatitis, and advanced 
cirrhosis No patients with these diagnoses were included except 5 with mild cirrhosis 
(one had a weakly positive reaction and 4 had negative reactions) 

In addition, Sagi and Pless noted that false positive reactions were sometimes ob 
served in patients having recently received certain agents, such as blood transfusions, 
intravenous fluids, steroid hormones, anticoagulants, antibiotics, and sahcjlates The 
widespread use of these agents made it impossible to avoid including a few such patients 
although an effort was made to exclude them Radiation therapj and cxcisional surgery 
were listed as possible causes for reversion of a positive test to negative Treatment with 
any of these drugs or procedures was carefully noted and the results considered separately 
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A diagnosis of malignancy \ias based in e%ery case upon histologic e'^amination of 
biops 3 or post mortem tissues Those suspected of maligiiancj but in hom no pathologic 
confirmation was a^allable i\ere also listed separatelj' 

The procedure used was as originally describedi^ and u as follon ed without alteration 
Fasting 1 enous blood specimens were collected, the sera separated and incubated m a 
nater bath at 33° G for 4 hours Hemoljzed or lipemic specimens wore not used. A 
measured amount (0.12 ml ) of a phenol glj'cerine mixture of pH S 0 was pipetted into 
each cavity of a conventional agglutination slide. Serum v, as then drawn up into a 

10 ml. pipette fitted with an IS gauge hj podermic needle i\ ith the point ground off 

smoothly One drop of serum uas allowed to drop from the needle tip onto the phenol 
pool. The distance of fall was carefullj' maintained at C 0 mm. bj means of a clear 
plastic table with small holes bored therein nhich allowed the needle to rest on its hub 
while the tip lias exactlj’ 6 0 mm from the surface of the phenol The reaction of the 
serum drop was obseried A drop which coagulated into a spherical iiliite plug and 
slowly dissoli ed as it floated on the surface was read as negative Complete dissolution 
in these instances required fully 20 to 30 minutes A drop uhicli rapidlj disintegrated 
over the surface, dissoli ing immediatelj or u itliin a feu minutes, u as read as positii e 

The differentiation between the positiie and negatiie reactions for a given serum 
drop was unequiiocal in eierj instance Three slide cavities uore used for each specimen 
simultaneously In seieral instances, onlj one or tuo of the triplicate tests wore positiie 

while the others weie uegatiie This lariable response uith replicate determinations was 

confirmed by repeated testing of the same specimen Such results were recorded as u eahlj 
positue and were considered separatel}'. All tests were performed and read bj' the same 
individual. The results were recorded bj serial number uithout reference to the patient’s 
name or clinical diagnosis 

RESULTS 

Of the 101 patients included in this series, 28 gave a positive test, 59 gave a 
negative test, and 14 tvere considered weakly positive Table I indicates a 
breakdown by type of diagnosis of those tested Of the 28 positive tests, 10 
or 36 per cent tveie in patients uithont malignancy or question of malignancy 
and who had not received drug therapy known to cause false posith e reac¬ 
tions If those ■with weakly positive reactions aie included, 16 of 42 or 38 
per cent weie in the false positive gioup Table I also includes a similai 
analysis of those with a negative test Of these, 6 of 59 or 10 per cent weie 
in patients with diagnosed malignancy without lecent tieatment which might 
have reverted a positive test to negative Of these 6, 3 had evident meta¬ 
static disease, the other 3 had Hodgkin’s disease, bionchogenie eaicinoma, and 
neurofibrosai coma, i espectively 

When considering the series by diagnosis, 63 patients had benign con 
ditions and 23 had malignant ones Eight weie suspected of harboring nialig 
nancy which i\as not demonstiable and 7 were considered to have benign con 
ditions although possibly malignant These included 5 with gastiic ulcei, 
benign bj^ clinical criteria but without surgical or pathologic confiimation 
Considering only those in whom the diagnosis was unequivocal, Table II shou s 
that among the benign cases theie weie 40 with a negative test In addition, 
a positive test was obtained in 7 patients who had received ceitain clings which 
might have caused a false positive result Assuming that all of the latter 
weie falsely positive because of drugs, then 47 of the 63 or 75 8 per cent 
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showed the correlation of a heiiiKii diapiiosis with a negatire test lilereii oi 
15 9 per eent were unexplained f.ilse posithes, or if the weakly poMlnc lesnlts 
weie included, the false imsitirc pciccntagc was 25 4 

There were 23 patients with diagnoses of malignancies with the dcgiee of 
iniolvement ranging fioiii minor skin malignancy in one ease (basal cell car¬ 
cinoma) to gcner.alircd iiictastascs from lenal, gastric, hionchial, or eolome car¬ 
cinomas (Table III). IVith few execptioiis, the patients wcic hospitaliml ns a 
dneet result of their malignant process which was iisiiallj f.ii-adianeed Table 
II also includes a bieakdown of the diagnoses of malignancj. Theie weie C 
f.ilse negatiics oi 2fi I per cent of the total mimbei with maligiiancj Thu teen 
of the 23 or 5(15 per cent showed the con elation of a positiie test with the 
pieseiice of malignancy An additional 4 or 17 4 pei cent weie negntne icac 
tioiis that mas he explained by pieecdiiig tliciapj. 

Although no elToit at systematic ictesting was made, 9 patients h.ad 
duplicate tests Two of these weie positiie in one instance and iiegatiie in 
another Xo explanation for this w.as appaient, both p.iticiits had benign 
conditions 
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T.IBIF II .Sin PlFSS RE-ICTIOX IS P.ITIEXTS IIAIISC USFQlTnOCAL DllOSOSES 


TYPE RE.\CTION 

1 luacNOSis OF 

1 BEMON CONDITION* 

1 DI\ONO'5IS OF 

1 iI\IIrN\NT VFOPLASM 

Xegati\e 

40 

6 

Positive 

11 

5 

Wcahlj po‘*iliic 

5 

4 

Pcsitiie* ro'iult po^sibh 

7 

4 

related to treatment 

Xegativc result pos^ibli 

0 

4 

related to treatment 


t>1 

2i 


DISCUSSIOX' 

It is obiiously inacciiiate to consider the group which leceived dings as 
all duig-iiiduced false positiie in one instance and all genuinely positiie in 
the next This tends to weigh the figuies in faior of the aeeiiiacy of the test 
This was puiposely done, howeiei, in order to piesent the procedure to the 
best advantage, since even then it does not appear to qiialif 5 - as an accurate 
scieening or diagnostic test for cancer SlackenFie,*^ in the discussion of the 
Sagi-Pless paper, mentions three seiies utilizing the phenol senim i eactioii 
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Table III. Eelation of type of JklALiGNANCY to Sagi-Pless Beaction 


1 

TYPE malignancy 

POSITIVE ^ 

WEAKLY' 1 

POSITIVE 

NEGATIA'E 

Bronchogenic carcinoma 

3* 


3* 

Hodgkin’s disease 

1 

1 

2 

Adenocarcinoma stomach 

1 


1* 

Lymphatic leukemia, chronic 

1 

1 


Basal cell carcinoma 


1 


Adenocarcinoma, colon 



1* 

Hj-pernephroma 



1* 

Lympho-epithelioma 



1 

iUultiple myeloma 


1 


Myelogenous leukemia, chronic 



1 

Meurofibrosarcoma 



1 

Squamous cell carcinoma, mouth 


1* 


Undifferentiated cell carcinoma 

1* 




7 

5 

11 


♦Metastatic disease present. 


with an accuracy ranging from 92 to 96 per cent. This high level of correla¬ 
tion was not achieved in this series, which was able to predict the presence or 
absence of malignancy in onlj^ 61.6 per cent. Dunn and Greenhouse,whose 
criteria for an acceptable screening test for malignancy are widely accepted, 
indicate that such a procedure should be positive in at least 90 per cent of 
malignant cases and shoirld l^e negative in no less than 95 per cent of non- 
malignant conditions. 

It should be pointed out again that this series was composed entirely of 
hospitalized patients. Many of those with cancer had far-advanced disease. 
Since no outpatient examinations were included, very few cases of early 
malignancy were evaluated. Without long-term follow-up, it is not possible 
to say whether any of the presumed false positive group mil turn out to have 
had early, undetected malignancy at the time of testing. However, each had 
the benefit of a complete hospital examination mthout evidence of malignancy 
being found. In most instances, no further examinations ivoukl have been 
performed Avithout a lapse of time, even if a higher index of suspicion had 
resulted from the positive test. The relatHe absence of early malignancy may 
account for some of the differences noted between this study and the Sagi- 
Pless series, although as Homburger® has pointed out, it is natural to assume 
that a test for malignancy Avould show a greater degree of positiAm correlation 
in far-adAmneed eases. 

SUMMABY 

The results of an evaluation of the Sagi-Pless cancer detection test are pre¬ 
sented. After alloAving for recognizable causes of false positive and negative 
reactions with this test, there Avere 26.1 per cent false negatives and 25.4 per 
cent false positives. These figiu-es greatly exceed the 10 per cent false nega¬ 
tive and 5 per cent false positive reactions considered to be the maximum 
alloAvable for a practical screening test for cancer. 
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Table III. Relation of Type op Malignancy to Sagi-Pless Reaction 


TYPE JIALIGNANCY 

POSITIVE 

IVEAKLV 1 

POSITIVE 

NEGATIVE 

Bronchogenic carcinoma 

3* 


3* 

Hodgkin’s disease 

1 

1 

2 

Adenocarcinoma stomach 

1 


1* 

Lymphatic leukemia, chronic 

1 

1 


Basal cell carcinoma 


1 


Adenocarcinoma, colon 



1* 

Hj-pernephroma 



1* 

Ljanpho-epithelioma 



1 

Multiple myeloma 


1 


Myelogenous leukemia, chronic 



1 

Neurofibrosarcoma 



1 

Squamous cell carcinoma, mouth 


1* 


Undifferentiated cell carcinoma 

1* 




7 

T 

TT 


•Metastatic disease present. 


witli an aecnracy ranging from 92 to 96 per cent. This high level of correla¬ 
tion was not achieved in this series, Avhieh was able to predict the presence or 
absence of malignancy in only 61.6 per cent. Dunn and Greenhouse,'® whose 
criteria for an acceptable screening test for malignancy are widely accepted, 
indicate that such a procedure should be positive in at least 90 per cent of 
malignant cases and should be negative in no less than 95 per cent of non- 
malignant conditions. 

It should be pointed out again that this series was composed entirely of 
hospitalized patients. Many of those with cancer had far-advanced disease. 
Since no outpatient examinations were included, very few cases of early 
malignancy were evaluated. IVithout long-term follow-up, it is not possible 
to say whether any of the presumed false positive group will turn out to have 
had early, undetected malignancy at the time of testing. However, each had 
the benefit of a complete hospital examination without evidence of malignancy 
being found. In most instances, no further examinations would have been 
performed without a lapse of time, even if a higher index of suspicion had 
resulted from the positive test. The relative absence of early malignancy may 
account for some of the differences noted between this study and the Sagi- 
Pless series, although as Homburger® has pointed out, it is natural to assume 
that a test for malignancy Avould show a greater degree of positive correlation 
in far-advanced eases. 

SUMMARY 

The results of an evaluation of the Sagi-Pless cancer detection test are pre¬ 
sented. After allowing for recognizable causes of false positive and negative 
reactions with this test, there were 26.1 per cent false negatives and 25.4 per 
cent false positives. These figures greatly exceed the 10 per cent false nega¬ 
tive and 5 per cent false positive reactions considered to be the maximum 
allowable for a practical screening test for cancer. 
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A QUANTITATIVE MICROMETHOD FOR THE ISOLATION AND 
LIQUID SCINTILLATION ASSAY OP RADIOACTIVE FREE 
AND ESTER CHOLESTEROL 

Jon J. Kabara, M.S. 

Chicago, III. 

INTRODUCTION 

F or effective utilization of radioisotopes in biologic and medical researcli, 
analytic methods are needed that permit accurate quantitative analysis 
and radioassay on the same sample.^ Ideally, the procedure should not require 
exorbitantly large samples and should yield sufficient material for duplicate 
or triplicate analyses. When radioassay is performed by means of a liquid 
scintillation counter, the purified sample must be in a suitable state to permit 
solution or suspension in the scintillator solvent system. The procedure for 
carbon"^^ or tritium labeled cholesterol, which is described in this report, 
is a modification of earlier methods.-’ ^ It was made applicable to both blood 
and tissue samples and was adapted for use with a liquid scintillation counter. 
The present technique was used to determine the specific activities of cholesterol 
found in 0.5 to 1.0 ml. of human plasma after the injection of 100 to 200 ^c of 
sodium acetate 1-C^‘®’ as well as the cholesterol isolated from most organs 
of the mouse after 1.0 /iC of the same pi’ecursor. In the case of human plasma, 
the activity of the sample containing 0.250 mg. of free cholesterol may be as 
low as 10’^ ;u,e/mg. of carbon"^* or 10"^ /tc/mg. of tritium. 

JIATEKIALS AND 5IETHODS 

The reagents used in tliese experiments arc all C.P. or Reagent Grade Chemical and 
further purification was found unnecessary. The quality of dioxane used was critical; 
however, Eastman Kodak Co. was found to be a reliable souice of commercial dioxane. 
A comparison between this commercial source and the freshly distilled dioxane did not 
warrant the use of the tedious purification procedure. The Packard Tri-Carb liquid 
scintillation counter Model 314 wa.s used to count both carbon-n and tritium samples 
separately or simultaneously.^ 

PROCEDURE 

Extraction of Plasma Cholesterol .—Fifteen volumes of acetone-alcohol (1:1) were 
added to 1.0 ml. of plasma at room temperature. Heating on a steam bath was unnecessary^ 
but it was important to add the solvent to the plasma in order to precipitate the protein 
into a finely divided state. The mixture was filtered through Whatman No. 1 filter paper, 
and the filtrate collected in conical-bottom centrifuge tubes. If the solution was not clear 
at this point, it was refiltered. To the clear filtrate, a few drops of 10 per cent acetic 
acid were added. 

Prom the Argonne Cancer Research Hospital and Department of Pharmacology. The 
University of Chicago. Chicago, Ill. 
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Fxfrocfion of Tissue Cholesterol —Tissue *«'inn)tcs of con\cmciit size ^^orc rinsed 
m distilled ^\ntcr, Wotted dr\, niul frozen in test tubes iminer«cd in i mixture of dr\ ice 
and acetone The uciRht of the frozen simple uns recorded ns “wot ^\ciRlit “ The 
tissues (0 5 to 10 Gni ) were preund in ^0 to 10 ml of acetone alcohol (1 1) solution 
until a fine suspension of (he tissue protein was achicitd The mixture uns filtered, the 
precipitated proteins were dried, and their weights recorded as “drj weight” (hpid free) 

Jsointion of the Free Cholesterol —^The cholesterol filtrates, after evaporation to 
more convenient volumes (10 ml ), were rcnd> for digitonin addition On tho basis of 
estimates of the amount ijf free cholesterol m either the plasma or the tissue filtrate, 
approvunatelv four tinus this amount of digitonm as a 1 per cent solution m 50 per cent 
ethanol was addfd larger amounts of reagint were aionhds The mixtures were then 
allowed to stand oicrnight at room tenipcrntiire so tint romjletc precipitation would 
occur After the digitonidc forme 1, the mixture w is intnfnged at 2 000 rpm for 10 
to 15 minutes The supernatant fluid wn-' then carefullj dec uited and the precipitate 
washed thoroughlj bj a jet stream of n'‘< tone alcohol (1 1) solution ejected from a sjringc 
The washed dig torn le was rreontrifugid nml r winhed with acetone ether (1 2) and 
finalh with othi r ihne The \\fi'*hin'»s were nil lombincd with the first filtrate and 
used to estimitc e tor sjeoifi* activity 

Isolntwn of CstfT Chohstirol —The iihovi preeipit ition with digitonm docs not remove 
all of the Lielii rniann Hun hnnl jositivi niitermi from solution Tins was demonstrated 
bv attempting to isolitt punfiel frie ohuh sterol (10 mg) bj adding 4 0 ml of 1 per cent 
digitonm (50 per (eat alcohol) to the acetone abohol (1 1) solution The filtrates, 
after digitonide formitiou md sipimtion, wire evaporated to drvnesq and the amount of 
residue was determined bv tho Liclierinann Burcl ard reaction The results of 13 dctormina 
tions showed (hat about 3 to 5 jicr rout of digitoiude was in tlic total washing residues, or a 
solubilitv nf 00 tj 10 mg/lOO ml rontnmmulion due to the solubilized digitonulc and/or 
uncombincd free cholesterol need lo considered only when ester fractions are isolated shortlj 
after acetate injection—the reasons liciiig that after a sufficient time, tho two specific activity 
curves of fnc and estorifud cholesterol are “isscntiallj “ the samc>> •> lo In those in 
staneos where the ester det< rmmations wort made, the combined washings as well as the 
filtrate from the “free’’ cholesterol were evaporated to drjness and extracted with 3 
portions of hot petroleum other (40 to 60® C ) The ether was then blown off gentlj 
With nitrogen and the ester fraction reconstituted to volume (10 to 20 ml ) with acetone 
alcohol (1 1) solution Hjdrolvois of the ester was nccomplislud by adding 8 to 10 drops 

of potassium hjdroxide (50 per cint) to tho bolution and then heating the tubes on a 

water bath at 40 to 50* C for 15 minutes The samples were then removed and allowed 
to cool to room temperature before aeidifving to phcnolphthalcin with 10 per cent acetic 
acid Tho stejis after acidificitioii arc similar to those given for isolating ^*frec“ 
cholesterol 

Qunntttatuc Measurement of the Digitonide —In order to carry out the colorimetric 

analyses and radioactive assaj on the same simple, a solvent was necessary that would 

dissolve the digitonide, give the Lielicrmann Burcliard (LB) color, and still retain those 
properties suitable tor siting as t solvent in liquid scintillation counter A system pos 
sessmg these propertic was composed of dioxanc and phosphoric acid (ortho) m a ratio 
of 99 1 (v/v) VarioL" combinations of solvent sjstems as well as other acids with dioxane 
were tested and found to be unsatisfactorj 

The dioxane was therefore added to the dry precipitate, and tho sample tubes were placed 
m a boiling water bath until solution took place Since the standard curve has an upper 
limit of 0 500 mg /ml, the amount of dioxane added to each sample tube depended upon 
the sample size After the digitonides were dissolved, the solutions were cookd to room 
temperature and idjusted to a convenient known volume A one milliliter aliquot was 
taken for quantitative determination while the other part of the sample (usually 2 ml ) 
was used for assaying the amount of radioactivity 
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The usual ratio of sulfuric acid:acetic anhydride (1:20) with dioxane had the 
disadvantage of slowness in color development as well as poor sensitivity. A ratio of 1:10 
developed a color u-ith cholesterol that was sufficiently stable and gave the desired sensitivity 
(Fig. 1). Because of the exothermic heat produced when adding this ratio of sulfuric 
acid to the anhydride, the acetic anhydride was cooled in an ice bath before and during 
the addition of the mineral acid. The mixed L-B reagent was then allowed to come to 
room temperature (25 to 27° C.) and was used within one-half hour after its preparation. 



Fig. 1.—Kinetics of Liehermann-Burchard reaction: with cholesterol dissolved in dioxane, 
optimum operating ratio of sulfuric acid ;acetic anhydride was found to be 2:20. 

Standards containing various amounts of cholesterol (0.100 mg. to 0.500 mg.) dissolved 
in one milliliter of dioxane were prepared and mixed with 2.0 ml. of sulfuric acid-acetate 
anhydride mixture (1:10). As previously demonstrated,ir no special precautions concerning 
the exposure of the samples to light need he talcen. Because of the instability and slight 
variation in composition (acetic anhydride:sulfuric acid ratio) of the Liebermann-Burchard 
reagent from experiment to experiment, the maximum optical density rather than the O.D. at a 
particular time was used. The maximum optical density of the solutions was read at 620 mg 
on a Beckman Model B Spectrophotometer. A special aluminum disk (2.4 mm. x 0.9 mm.) was 
machined which permitted the adaptation of the smaller volumes to this spectrophotometer. 
By the above procedure, a standard curve nras dratvn that was used for routine daily assays of 
cholesterol. Periodic monthly checks of the standard curve for over a year have failed to 
reveal any discrepancies. 
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Table X ErrEcr of Pnosrnoric \cin CoNcrstTvaioN ox Liquid Scintillatiox Counting 


iTjrO, IV PlOVtNE 
(V/\) (PII CENT) 

[ 1 

1 

I n M i 

CJ< COONTIVG 
FPFICIFVCl 
(PHr. CENT) 

00 

SC7 

472 

05 

54S 

45 5 

10 

503 

41 8 

20 

uOI 

41 G 

40 

403 

38 5 


Standard counting solution s= diotanc toluene ETOII (5 10 1) 


TABir ir Efiect 01 Tnownf Concentfation ov Liquid Scintillation Couxtinq 


DIOVANE 1 

(1 rn CENT j 
11 ,ro*) 

C'li ) i 

TOl 1 FNL 
(MI 1 

ETirtNOL j 

I ('IL) 1 

1 

CARBON 14 

TTITIUM 

(lEI CENT 

EFFICIENCV) 

0 

11 

10 

47 3 

3 S4 

2 

12 

10 

45 8 

3 53 

4 

10 

10 

44 3 

3 50 

0 

8 

1 0 

395 

2 85 

8 

0 

10 

37 9 

193 

10 

4 

10 

32 5 

1 91 


Taiiil Iir Di/Piic\TL ^NALisrs 01 RvDio\cTr\E CnoLFSTFroL Isolated TroM Human 

Plasma 


hRQSQilBBn 






2 

1-50 

3 510 

3,465 

2,772 

J 45 


1125 

3,454 

3,409 

3,030 

2 6S 

4 

1000 

2 730 

2 091 

2,691 

2 38 


1175 

3,443 

3,398 

2,892 

2 55 

6 

0 000 

3,G71 

3,f2C 

2,710 

2 39 


1 450 

3,540 

3,495 

2,410 

213 

24 

1 525 

2 325 

2,280 

1,495 

132 


0 775 

1 129 

1 074 

1,386 

122 


Back^ound = 65 cpm 

Carbon 14 Cmclencj = 50 0 Per cent 


Table IV Ppecision and Accuracy op Isolating and Counting EADiOACTrvE Cholesterol 


NUCLIDE 

1 millicpam prr i 

1 SAMPLE 

TOTAL 1 
COUNTS , 

NET 

CPM 

I CHOLESTEROL 

1 D/M/MG 

1 PECOVERY 

j (PER CENT) 

Carbon 14* 

olao ’ 

1,391 

100 

524 

109 

0 450 

1,349 

90 

443 

92 


0 450 

1,370 

98 

499 

104 


0 460 

1,424 

103 

513 

107 


0 460 

1,419 

103 

513 

S D = 

107 

8 8 per cent 

Tntiumt 

0 440 

1,713 

40 

1,610 

lOo 

0 480 

1,631 

30 

1,491 

97 


0 500 

1,594 

34 

1,332 

87 


0 480 

1 713 

40 

1,630 

107 


0 490 

1,074 

39 

1,750 

S D = 

114 

10 per cent 


Background = 39 c p m * and 46 c p m t 

Samples all counted to a standard error of less than & per cent 














MICROMETHOD FOR THE DIRECT DETERMINATION OP SERIBI 

TRIGLYCERIDES 


E. Van Handel, Ph.D., and D. B. Ziltorsmit, Ph.D. 

S'Iemphis, Tenn. 

With the Technical Assistance of Kirk Bowman, B.S. 

INTRODUCTION 

A AVEALTH of information is available on the concentration of plasma 
cholesterM and phospholipids. However, few investigators have attempted 
to survey the variations of blood triglycerides in health and disease. This 
paucity of data is probably the result of the inadequacy of current analytical 
methods. For example, the solvents used for the extraction of lipids dissolve 
appreciable amounts of nonlipid material and extensive purification or re- 
extraction is required prior to the determination of total lipids by oxidative or 
gi-avimetrical methods. Furthermore, lipid-like materials such as free fatty 
acids, steroids, mono-, and diglyeerides would be included in these nonspecific 
total lipid estimations. With the exception of the newer, more elaborate, 
chromatographic techniques, all routine determinations of triglycerides are based 
on the estimation of the difference between the total lipids and the sum of 
cholesterol, cholesterol ester, and phospholipid. As normally the-triglycerides 
constitute' only a small fraction of the total lipids, the need for a more specific 
method' seems obvious. The present publication pi’esents a micromethod for the 
direct determination of plasma, serum, or whole blood triglycerides, which is 
based on the quantitative measurement of the glycerol moiety of these molecules. 

JIATERIALS AND jMETHODS 
Heagents .— - 

Fat solvents: Redistilled technical grade cliloroform is satisfactory. Keep in dark 
bottle. 

Doucil* ; Activate by heating for 4 hours at 125° C. Keep in closed bottle. 

Alcoholic KOS (0.4 -per cent); Dissolve 2 Gm. of reagent grade KOH in 95 per cent 
redistilled ethyl alcohol and dilute to 100 ml. Dilute 10 ml. stock to 50 ml. with 95 per cent 
alcohol on the day of use. 

Sulfuric acid (O.S N): Dilute 3 ml. of concentrated H.SO, to 500 ml. with waterl 
Sodium metaperiodate (0.05 M): Dissolve 1.07 Gm. of NalO, in 100 ml. of water. 
Sodium arsenite (0.5 M): Dissolve 2.25 Gm. of NaOH and 5 Gm. reagent grade arsenic 
trioxide and dilute to 100 ml. with water. 

From the Division oC Physiology, University of Tennessee, Memphis, Tenn. 

This investigation was supported by a research grant H-21S1 from the National Heart 
Institute, Public Health Service. 
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•Doucil is a zeolite obtained from W. A. Taylor Company, 7300 York Road, Baltimoie, 
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Chromotrouc aiui (OS jcr c ttt i Di^soho 2 Gm of cliromotropic ncil* (or 2 24 Gm 
of tlio sodium 'lit) m 200 ml of w*»it.r Sep'iritcU ndd GOO ml of concentnted HtSOi to 
300 ml of water, cooled m kc Min cool add the diluted II SO« to the chromotropic acid 
solution Store m brown bottle nuJ i reparc frc«h e\er\ 2 to 3 weeks 

TnnJyccndc standard sob fion (OOy mg /ml ) Dissolve 0 5 Gm of commercial corn oil 
m chloroform and male to 1^1 ml in a f,las« stoppered volumetric flask Dilute working 
standard 1 to 100 with cldoroform It is ad\i«ablc to check the concentrated corn oil solution 
now and then gravimclricalh to guard agam«t increases in concentration bv ciaporation 

PROCEDURE 

Place 4 Gm of Doucil in a 2*' x 130 mm gla«3 stoppered tube, add 2 ml of chloroform, 
and shake Place I ml of plasma on top of the Doucil, raut thoroughU, and add 18 ml of 
chloroform Stopper the tule onl «1 ake intermittently but vigorously for about 10 minutes 
Filter through a coar«e fat fr^e pajer and pipette 1 to 2 ml portions of the supernatant, 
depending on the amount of trulvct ri Ic present, into 3 gla®** stoppered or ccrew capped glass 
tubes (15 X 130 mm ) Vt this point pipette three 2 ml portions of the standard com oil 
solution into gla's tube^ anl c\af orate the solvent from all tubc« To 2 out of each 3 
standards and unknowns all 0^ ml of alcoholic KOII (saponified siniplc)^but to the third 
aliquot add 0 5 nJ of ale/hoi (unfaponified sample) Keep all tubes at 00 to 70“ C for 
15 minutes Add ) o n 1 of 0 2N IT SO^ and place the tubes m a gentlv boiling water batht 
for about 15 minutes to remove the alcohol After cooling the glvccrol content is determined 
essential!) according to tiu. procedure of Lambert and Kcishi Add 0 1 ml of periodate 
solution from n graduate 1 pipette kftcr 10 minutes, the oxidation is stopped by the 
addition of 01 ml of sodium ar«cnite A jellow color of iodine appears and vanishes in a 
few minutes Then add 0 ml chromotropic acid reagent and mix Heat for one half hour 
at 100“ C in t\ c absi.nco of cxec ive light *1 After cooling, determine the optical dcnsitj 
at 570 The color remains stable for several hour* 

C VLCUUmoV OF RESULTS 

0 D saponified unknown>-0 D unsaponificd unknown o pg _ 2 000 _ 

O D~ «nponifieTltandard-“0 D unsaponificd standard ml of chloroform extract 

= mg per cent triglvccride 

To convert mg per cent to millimoles per liter, multiply by 0 0114 ^ 

RESULTS 

Staiidard Cxiri e —rig 1 shows the relationship between the optical density 
and the aniotints of corn oil and different aliquots of a chloroform extract of 
plasma Thus, a good lineantj is established from 0 to 200 gammas of triglyc 
eride In seaeral experiments, the rcco\er> of ghcciol in a knoivn amount of 
oil was checked against a gljcciol standard which was prepared bj diluting 


Table I Glaczhol Covtem or DiFFErEvr F\ts (Pet Cent) 


--- i 

THEorirnCAii 1 

1 EXPEFIMFNTAL 

Cocoa butter 

IOC 

10 9 

Coconut Oil 

13 4 

13 7 

Com oil 

10 5 

10 3 

Cottonseed oil 

10 S 

30 5 

Tnpalmitm (Eastman) 

114 

20 5 


•Chromotropic acid is 4 5 dihydroxy 2 7 naphthalenedisulfonic acid 

tit is advisable to keep the water level of the bath onls siigl tlj above the surface of 
the reaction mixture in order to avoid evaporation of the water from the tubes 

ITubes may be heated in a boiline water or steam bath but should then be stoppered to 
exclude water vapors from the reaction mixture We preferred to 1 eat the tubes in a 
thermostatically controlled heating block (Biochemical Associates Oakland Calif ) 
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analytic reagent grade glycerol assayed by refractoiuetry for water content. 
The glycerol content of five different fats are listed in Table I together with 
the theoretical amounts calculated from the average molecular weight of the 
fatty acids.- The experimental results are in good agreement with the calculated 
ones. 

Extraction of Triglycerides From Plasma .—The extraction of lipids from 
plasma with the aid of Doueil and chloroform was first proposed by Forbes.® 
For the present method it became necessary to establish that complete extraction 
of triglycerides could be achieved without dissolving the plasma phospholipids. 



Fig. 1—Calibration cur\e for corn oil (O) and Doucil-chloroform extract of dog plasma (e). 


To investigate this problem, I^^Llabeled triolein was emulsified with a small 
amount of phosphatide as described earlicF and added to plasma. An aliquot 
of plasma was then extracted by the regular Doucil-chloroform procedure and 
it was found that in three tests between 98 to 101 per cent of the added 
triglyceride was recovered in the supernatant. Chemical analysis for phospho¬ 
lipid phosphorus showed that no measurable amount of phospholipid had been 
extracted from the plasma. A more sensitive test of this latter point was 
provided by the use of dialyzed rabbit plasma obtained from an animal injected 
with a large dose of P®®. Exti’action of this plasma by the above procedure 
showed the presence of less than 0.1 per cent of plasma phospholipid P®® in the 
chloroform supernatant. The effectiveness of the chloroform-Doucil procedure 
was tested in yet another way. Previous investigator’s® have shown that chloro¬ 
form-methanol will completelj- extract plasma triglycerides and that silicic acid 
maj' be used to separate the phospholipids from other lipids.® Thus, several 
plasma samples were extracted with a 2:1 mixture of chloroform-methanol. The 
extract was inverted vith one volume of water to remove the methanol, centri¬ 
fuged, and the chloroform portion poured through a silicic acid column accord¬ 
ing to Bergstrom.® I^®^ triolein emulsion added to plasma was completely 
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lcco^elcd In the silicic acid method Tiiplicatc auaijscs of a scium sample bj 
the Doucil method and In the chloioform methanol silicic acid method showed 
good agicomciit between the tno pioccdmcs (Table II) 

Tno^lfccndc Concentration^ VI Plasma of Dijfacnt Species —Plasma tugl>c 
elides dctciiimicd on a gioup of 14 joiing men in the postabsoiptnc state are 
sho^\n in Talile III Tlie mean \aUic of 78 mg pci cent agices ^^cll ^\ltll the 
\ahie of 90 mg pei cent gnoii b\ Pctcis and Man ^ The ^ahlcs foi dogs ncie 
obtained on mongicls bled aftoi a 10 houi fast, the labbits, on the otliei hand, 
had access to lablnt cho\^ 

T\mr ir CoMPMusos oi Doo PLASiiv limcniDLS Ditiiminfo in IloLiii 'sn i\ Sincic 
Vein MPTHOns i\ Miui(p\m Ph Cist 

I aoucii 1 silicic vein 

HTs aZ 

ITT •’■j'j 

_215_21r_ 

Tauif III PinsM\ fiKuiFiints (Mniiri \m Pep Cfst) 


ALIQUOT 

1 

3 



The pioecdluc outlined in the previous section consists essentialh of foiu 
steps the selcctuc quantitative c\txaction of tiighceiidcs fiom plasma, the 
complete saponification of the tiiglvcciidcs, the o\idation of glvcciol to foimal 
dchjde and foimic acid, and the coloiimctiic estimation of foimaldclndc To 
test the quantitative aspects of the pioceduic, each step had to be checked 
independcnth ruitlicrmoie, it appealed that scvcial alternatives vvcie pos 
sible and the final choice of the method depends somewhat on the paiticulai 
facilities available in anv given laboiatoiv Theiofoie, it would seem useful 
to discuss brieflv some additions to and possible modifications of the pioeediuo 
The cNtiaction of trigljceiidcs fiom plasma with the aid of Doucil gives a 
chloioform supernatant containing not onlv the total amount of plasma tiigljc 
eridc but the cholesteiol and cholesterol ester as well Thus, if one is intcicstcd 
in obtaining a quantitative estimate of plasma cholesteiol in addition to the 
tngljecndc one mav use the chloioform supernatant and add to it diieetlj 
acetic anhvdride and sulfuiic acid for the coloiimetiic estimation of total 
cholesterol ^ If, howevei, one desires to determine the phospholipid in addition 
to cholesteiol and trigbcciidc, an alternative pioccduie is suggested One 
milliliter of plasma is extiacted with 2 1 chloroform methanol in a 25 ml 
volumctiic flask, the extiact is filtered, and a 20 ml aliquot of the filtrate is 
caiefullj inverted with an equal volume of vvatci and centrifuged This gives 
a two phase sjstera consisting of a solution of lipids piimaiilj in chloiofoim 
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and an aqueous-methanol supernatant. The aqueous phase is removed as 
quantitatively as possible by means of a syringe pipette and the chloroform 
layer -which may still contain a little supernatant on top is poured through an 
activated silicic acid column.’'* The column is then washed with two subsequent 
portions of about 5 ml. of chloroform each and the eluate which contains all the 
triglyceride, cholesterol, and cholesterol ester is made to 25 ml. with chloroform. 
The phospholipid stays on the column and may be determined by estimation of 
the phosphorus content of a methanol eluate.® The procedure described here 
for plasma may also be applied to whole blood or to chloroform-methanol extracts 
of tissues. For Avhole blood, the Doucil procedure may also be used with good 
results.® Extraction of added triglyceride emulsion from whole blood with 
chloroform in the presence of Doucil was quantitative and a comparison between 
the triglyceride content of whole blood as determined by the Doiicil procedure 
and the silicic acid column gave agreement whicli was as good as that described 
for plasma. 

The proposed saponification procedure was arrived at by the following 
experiments: saponification of small amounts of triglycerides with aqueous 
alkali of various concentrations led to unsatisfactory recovery of glycerol; 
saponification with alcoholic KOII with subsequent evaporation of alcohol led 
to considerable loss of glycerol. Indeed, when alcohol was distilled from an 
alcoholic glycerol solution in a boiling water bath, considerable amounts of 
glycerol appeared in the distillate. Such loss of glycerol was not observed when 
the alcoholic glycerol solution was diluted Avfith an equal volume of water. 
Failure to remove the ethanol before oxidation with periodate produced a tur¬ 
bidity during the heating with the chromotropic acid. The development of this 
turbidity seems to be related to the presence of cholesterol since it did not occur 
in standard corn oil solutions to which no cholesterol had been added. To avoid 
these difficulties, saponification was carried out in 95 per cent ethanol below the 
boiling point of alcohol. A 15-minute heating between 60° and 70° C. appeared 
to be satisfactory since no difference in glycerol recovery was observed when 
corn oil was saponified at 65° C. from 5 to 60 minutes. 

The determination of the presaponification blank (which includes the 
reagent blank) increases the specificity of the method and prevents errors from 
the possible presence of formaldehydogenic steroids or monoglycerides in the 
lipid extract. Normally the presaponification blank does not exhibit the typical 
formaldehyde chromotropic-acid color. Thus, one may easily distinguish be¬ 
tween this nonspecific color of the blank and the presence of formaldehydogenic 
materials in the lipid extract. At this point, it should be noted that the presence 
of a-monoglyceride in the lipid extract would produce a presaponification color 
which is half that produced after saponification, whereas the presence of ,6-mono¬ 
glycerides and diglycerides would not be detected in this manner. So far, we 
have not found any instances where the color in the unsaponified samples of 
blood or plasma resembled that produced by glycerol. 


•A convenient way of preparing silicic acid columns for serial determinations is the use 
of 10-ml. syringe barrels in which a small plug of glass wool is inserted, followed by a 1-Gm. 
portion of 1:1 mixture of activated silicic acid (Maiimekrodt) and Supercei (Johns-Manvilie) 
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SUMMARY 

A microproccdure for the direct determination of triglyceride concentra¬ 
tions in biologic specimens is presented. The method depends on the quantita¬ 
tive removal of phosphatides from the sample and the subsequent determination 
of esterified glycerol. TIic procedure has been tested on whole blood and plasma. 
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A TECHNIQUE FOR THE SAFE HANDLING OF COCCIDIOIDES 

imjmitis cultures 

Milton Htjppert, Ph.D. 

San Fernando, C^ulif. 

INTRODUCTION 

F or at least ten years there have been repeated Avarnings of the danger 
to laboratory personnel in the handling of cultures of Coccidioides immitisd'' 
Smith and HarrelP reported 6 cases involving laboratory workers as a con¬ 
sequence of accidental contamination of the outside of flasks Avith liquid 
cultures of this fungus. Looney and Stein^ revieAved 33 cases of accidental 
infections described in the literature and reported one neAV case of disseminated 
infection in a laboratory Avorker. Sulkin and Pike^ analyzed a total of 1,342 
laboratory infections, of AA'hieh 63 Avere caused bj’ fungi, principally G. immitis. 

Despite the hazards involved, there are occasions Avhen many laboratories 
must handle cultures of C. immiiis. These instances are no longer restricted 
to the institutions located in the recognized endemic areas but may occur in 
anj' geographical location, since individuals aa’Iio have contracted the infection 
may not exhibit disease until after they have left the endemic region.®’ 
Evans and his associates^® AA’arned that coccidioidomycosis maj’^ be encountered 
by physicians in any part of the United States. While all microbiological 
laboratories must be aAvare of the dangers inherent in the handling of cultures 
of C. hnmitis, this is particularly true for those clinical laboratories Avhere 
this fungus has been encountered only infrequently or not at all. It is in 
these laboratories AA’here inexperience A\dth C. immitis is most likely to be 
associated Avith lack of adequate facilities for handling such cultures safely. 

It is the purpose of this report to describe a technique AA'hieh Avill enable 
any laboratoiy to isolate and identify C. ivimitis with safety. 

MATERIALS AND METHODS 

All strains of C. immitis used were obtained from the stock culture collection of the 
Mycology Eesearch Laboratory, San Fernando Veterans Administration Hospital. These 
strains were selected as representative of a range of characteristics, such as, recently 
isolated cultures and those which had been subcultured for varying periods, the presence 
or absence of arthrospores, and the presence or absence of aerial hyphae. For preliminary 
testing a strain of Penicilliura was used. 

Four media Avere used: Sabouraud’s dextrose agar; Sabouraud’s dextrose agar with 
added antibiotics; Blood Agar Base (Difeo); Blood Agar Base Avith added antibiotics. 
The antibiotics Avere sterilized separately by filtration and incorporated into the sterile 

From the Mycology Research Laboratory, Veterans Administration Hospital, San Fer¬ 
nando, Calif. 
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nioilia after tlie} liad boon inoltod ntnl loohd to .">0* C. Tlic concentrations used ucre: 
poincillin, 20 units per nnlhliter; Htrcptomjciii, 40 units per millibtcr, cjclolicxinndc, 0 5 
in" per nnlhliter 

After adding the antibiotics, the inidin wire poured into sterile 2 ounce prescription 
bottles, each fitted uith a screw cap lontnining a rubbir diaphragm (Fig 1). The bottles 
were slanted and the inedium allowed to harden. When read) for inoculation, the bottles 
and the stock cultures of C immitfS were placed in a transfer chamber wlucli was then 
sealed. The front of this chamber contained two rublier glmes with an attached accordion- 
typo slecie to permit relative^ free arm moMnient within tlic chamber. All culture 
transfers wore made in this manner. Air was eiiculutdl through the chamber b^ means 
of an OThaust fan Doth incoming and outgoing air were filtered, and a constant cultural 
check was mauitained on the exhaust air to determine whether or not spores passed the 
filter. 



Fig: 1—Two culture bottles with rubbcr-dlaphrapm screw caps are shown One Is empty 
and disassembled, the other contains apar and Is assembled ready for use 

Fluid was added to or withdrawn from the culture bottles with Luer Lok needles 
and sjriiiges. The rubber diaphragni was painted with 3 per cent tincture of iodine 
before insertion of the needle. Sterile cotton, soaked in 70 per cent aqueous ethanol, 
was wrapped around the needle and the point of penetration in the rubber diaphragm 
After fluid was drawn into the sjringe, the needle and sjTinge were extracted xerj slowly, 
and, after the needle point had cleared the diaphragm, it was held tightly within the 
alcohol soaked cotton to prevent any aerosol dispersal of infectious material into the 
surrounding air. 

Petri plates containing Sabouraud’s dextrose agar were exposed continuously throughout 
all experiments Tlicse culture dishes were placed both in the transfer chamber and in 
the laboratory 

All techniques were done first with the strain of Pemcilhum and then repeated with 
the C tmmttis cultures. 

RESULTS 

Testing for Disposal of Fungous Sjyorcs During Transfer Operations — 
Using the Pcnicilhum strain 5 transfers were made from a 2 week-old stock 
culture to fresh media. During the operation 6 plates of media weic exposed 
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inside the chamber, and the exhaust air from the chamber was allowed to 
impinge on an additional plate. After completion of the transfers, the exposed 
plates were incubated at 30° C. for 2 weeks. The experiment was repeated 
10 times. 


Table I. The Dispersion op Penicillitjm Spores During Transfers Froj.! Stock 
Culture to Fresh Media Using a Thin Transfer Needle 


EXPEUtMENT 

1 colonies of penicillium recovered 

1 INSIDE CHAMBER | 

FROM CHAMBER EXHAUST 

1 

6 

0 

2 

3 

0 

3 

0 

0 

4 

5 

0 

5 

2 

0 

6 

0 

0 

7 

1 

0 

8 

1 

0 

9 

4 

0 

10 

7 

0 


29 

0 


As recorded in Table I, a total of 29 colonies of Penieillium were recovered 
from plates exposed inside the chamber but none was found on plates exposed 
to the chamber exhaust, indicating efficient removal of spores from the air 
stream by the filter. It had been noted during the transfer operations that 
occasionally the thin wire needle seemed to “whip” slightly as it was with¬ 
drawn after cutting out a piece of agar containing growth. It was suspected 
that this could result in dispersing some spores into the air. The experiment 
was repeated, therefore, using a stiff dissecting needle, and the results are 
recorded in Table II. While the number of colonies of Penieillium -was reduced 
considerabl}', it should be noted that, even with the most careful technique, 
some spores still escape into the environment. 


Table II. The Dispersion of Penicillium Spores During Transfers From Stock 
Culture to Fresh Media Using a Stiff Dissecting Needle 


EXPERIMENT 

COLONIES OF 

PENICILLIUM RECOVERED 

INSIDE CHAMBER 

1 FROM CHAMBER EXHAUST 

1 

0 

0 

2 

0 

0 

3 

1 

0 

4 

0 

0 

5 

2 

0 

6 

0 

0 

7 

0 

0 

8 

0 

0 

9 

1 

0 

10 

1 

0 


5 

0 


Sterilization of the Chamber .—Two sets of 10 cultures each were inoculated 
Avith Penicillium in the transfer chamber. On one set the caps were screwed 
down tightly Avhile on the other set the caps Avere loose. Approximately 10 
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ml of 37 per cent formaldehjde were pouted into a beaker After 24 hour 
exposure to formaldehi.de vapot, all cultures ueie removed and incubated 
at 30° C foi 2 ueeks The experiment xxas repeated 10 times 

In the bottles mIucIi had been capped tightlj, the Pemcillium grew 
abundantlj, uliilc there uas no growth m the bottles with loose caps The 
same results were obtained when the experiment was repeated with strains 
of C tmmihs 

In view of the results obtained from these two sets of experiments, it 
was felt that further work with cultures of C tmmtits could be accomplished 
without endangering laboratorj personnel 

Handling of Cultures of C tmmiits —^Tcn cultures of C immihs were made 
on each of the four media The bottles were capped tightl 5 and exposed to 
formaldehjde for 24 hours All 40 cultures were incubated at 30° C for 2 
weeks Excellent growth was obtained in each culture 

Varying amounts of thiec concentrations of formaldehjde axerc injected 
through the rubber diaphragm of the tightlj closed caps of 9 cultuies of 
each of the 4 sets of media One bottle of each medium w as kept as a control 
After 24 and 48 hours at 37° C, transfers were made from each cultuie to 
fresh media and incubated at 30° C for one month The results are recorded 
in Table III All nonexposed control cultures were positne All subeulture 
bottles which were ncgatiic weic reinoculated at the end of the experiment 
w ith a a lable culture and grow th occurred in each case 


Table III Growrii or Subcuitubes or C immitis (C 25) ArTEH Esposuee to Vaeiixo 
Amounts or FonjiALDEuaDB ron 24 axd 48 Horos 


rrowTii ON 

PER CENT 
CO>CEV 
TRATION 
OF FOPM 
ALIlEIIADE 

! OPOWTH OV SUBCDIaTUPE 


EXPOSURE 1 

1 AFTEP 48 HOUR 

FXrOSUPE 

1 VOL 

FOrUALDEnYPE ADDED j 

VOL 

FORMALDEHl DE ADDED 




0 5 ML 

1 2 0 ML 

1 8 0 Mr 

Sabouraud's 








Dextrose 

05 

+ 

- 

- 

+ 

- 


Agar 

20 

- 

- 

- 

- 

- 

- 

(SDA) 

80 

- 

- 

- 

- 


- 

SDA 








^vith 

05 

+ 

+ 

— 

+ 

- 

- 

Anti 

20 

- 

- 

- 

— 

- 

- 

biotics 

80 

- 

- 

- 

- 

- 

- 

Blood 








Agar 

05 

+ 

— 

— 

+ 

+ 

- 

Base 

20 

- 

- 

— 

- 

- 

- 

(BAB) 

8 0 

- 

- 

- 

- 

- 

- 

Iab 








with 

05 

+ 

+ 

— 

+ 

- 

- 

Anti 

20 

- 

- 

— 

- 

- 

- 

biotics 

8 0 

~ 

- 

- 

- 

- 



This experiment avas repeated using 10 strains of C immitis, 0 5 ml amounts 
of the 3 concentrations of formaldehyde, and Sabouraud's dextrose agar All 
cultures aaere done in triplicate Representative results are recorded in Table 
IV All cultuies exposed to 8 per cent formaldehyde avere sterilized, aahile 
the results avere variable aaith the 0 5 and 2 per cent concentrations 
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Table IV. Growth op Subcultures op Ten Strains op C. immitis After Exposure to 
0.5 JtL. op Varying Concentrations op Formaldehyde for 24 and 48 Hours 


TER CENT CONCENTRATION 

OF FORMALDEHYDE 

GROWTH ON 

SUBCULTURE 

after 24 HOUR EXPOSURE ) 

AFTER 48 nOIIR EXPOSURE 

0.5 

26/30* 

9/30 

2.0 

2/30 

0/30 

8.0 

0/30 

0/30 


•Numerator represents the total number of subcultures which were positive for C. 
vnmitis and the denominator the total number of subcultures made. 


A single culture of each of the 10 strains was made on Sabouraud’s 
dextrose agar and on Blood Agar Base. After incubation at 30° C. for 2 
weeks, slides were made from each culture in 20 per cent NaOH in glycerin- 
water (50:50). The cultures were killed by exposure to 0.5 ml. of 8 per 
cent formaldehyde for 24 hours and a second set of slides was made. The 
microscopic appearance of a culture which had been killed by formaldehyde 
was comparable to that of the coiTesponding viable culture. 

Suspensions of viable material were made from cultures grown in the 
bottles with rubber-diaphragm screw caps. Five milliliters of saline were 
injected through the diaphragm after the cap was closed tightly. The bottle 
was shaken mgorously and the resulting suspension was withdrawn with a Luer- 
Lok needle and syringe. Extreme care was taken to prevent the escape of 
an aerosol, particularly at the moment the needle was withdrawn from the 
diaphragm. No colonies of C. inimitis were detected on plates exposed in the 
area during the operation. No difficulty was encountered in obtaining sus¬ 
pensions from those cultures which produced aerial hyphae. Frequently, 
however, maeroscopically visible particles would separate from the agar and 
from the colony itself. These could be avoided by inverting the culture, 
allowing the particles to settle, and inserting the syringe needle to a level 
above the sediment before withdrawing any fluid. Suspensions with one 
million or more cells per milliliter could be prepared without ever opening 
the culture. Such suspensions were satisfactory for injecting animals to pro¬ 
duce coccidioidomycosis as the final step in the identification of C. immitis. 

DISCUSSION 

Since it is quite possible that any clinical laboratory might isolate a culture 
of C. immitis at some time, it is imperative that each laboratory have the 
facilities available to handle such cultures with safety for the personnel 
involved. Not many laboratories are equipped with completely sealed transfer 
chambers for this purpose, and it would be impractical for them to maintain 
such an apparatus on the chance that it would be used only rarely. This 
disadvantage can be overcome, however, by using an inexpensive bottle fitted 
with a rubber-diaphragm screw cap for culturing specimens which might con¬ 
tain C. immitis. As a general rule, these bottles could be used for culturing 
any specimen which might contain microorganisms capable of producing 
pulmonary disease in man. The greatest danger, however, lies in the possibility 
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Number I 

of accidcntalh breaking the container of such cultures The 2 ounce pro 
scuption bottles used heic aic quite stiud\ and ha\e remained undamaged 
aftci diopping to a concrete flooi Ne\eithclcss, an iinbieakablc plastic con 
tainci, -which could be stoiilized, uould be e^cn bcttei 

The following piocedure is suggested specificalh for specimens in ^\hlch 
C immitts ma> be cncountcicd Poitions of the specimen should be stieaUed 
on se\cial media in iiibber diaphiagm scicw cap bottles If, aftci incubation, 
thcic should be anj colonies suspected of being C immitis, then appio-^mateh 
5 ml of steiilc saline should be injected through the rubber diaphiagm -while 
keeping alcohol soaked cotton trapped aionnd the needle and the bottle cap 
If the culture is contaminated a\ith other microoigamsms, penicillin and stiepto 
m\cin should be added to the saline AVith the alcohol soaked cotton held 
around the cap, tlic bottle should be shaken Mgoiouslj The suspension can 
be inthdrawn being careful to hold the uad of cotton tightlj around the 
sjrmge needle a\hich is iemo\ed aerj slowl\ Fnc tenths millilitci of the 
suspension can be injected, intiapentoneallj, into each of se\cial mice and 
the icmaindcr can be injected through the rubber diaphragm of a bottle of 
ficsh media The oiiginal culture can be sterilized b> injecting foimaldehjde 
(0 5 ml of 8 per cent, or greater, concentration) and incubating foi 24 hours 
at 37® C, at ^\hich time tlie bottle can be opened safelj foi making slide 
preparations 

SUMM \K\ 

A technique is desciibed foi handling cultures of Coccichoulcs 
uitli safct\ This consists of growing the fungus on media in bottles fitted 
with a rubbei diaphragm screw cap 

Suspensions of fungous spores can be made bj injecting fluid through the 
lubber diaphiagm with a needle and syiingc, shaking the bottle and then 
withdrawing the suspension with a needle and sjnnge As a precaution against 
the formation of aerosols of infectious material, alcohol soaked cotton should 
be wrapped aiound the screw cap and the sjringe needle duiing the process 

Cultuics in these bottles can be sterilized b> the injection of 0 5 ml of at 
least 8 per cent fomaldeh} de followed bj incubation at 37® C After 24 
hours the bottles can be opened foi making slide preparations The microscopic 
morphology of formaldehj dc killed cultures is comparable to that of the \ lable 
culture 

ADDENDUM 

After the pre'^ent manuscript hod been accepted for publication, it Mas brought to the 
attention of the author that tlic bottle pictured in Fig 1 is no longer manufactured 
Therefore, the technique has been revised to adapt readily available bottles for this use 
The scrcM caps from prescription bottles are soaked in detergent solution until the liners 
can be rcmo\ed A hole, one eighth inch in diameter, is drilled through the center of each 
cap Suitable rubber diaphragms are fixed to the inside of the caps with rubber cement 
and the caps replaced on the bottles 

It has been found advantageous to insert a cotton plugged, sterile, syringe needle 
through the diaphragm during incubation of cultures Strains of Coccidiotdes tmmitts dc 
volop aerial mjcelium with arthrospores much more profusely under these conditions than 
when the needle is omitted 
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A Hn'MODVNAAIIC STUn\ OF ATRIAL SLPTAL DTrDCT AND 
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Rr\ff\\ OF THF LITFIUTLRF 

A trial septa! defect IS one of the commonest congenita! anomalies of tJjc 
heart and one of tliose inoie rccenth amenable to suigical correction 
Consequenth, m leccnt scais attention has been focused on the hemod\namic 
characteristics of the anomah in an effort to learn moie of the effect of this 
delect on the patient, to nicicasc the accurac\ of diagnosis, and to pio\idc a 
moic intelligent basis for the selection ol candidates foi surgical collection 
In uncomplicitod atiial septal detects the shunt usualh is loft to light 
and less commonh a light to left shunt of significant magnitude coexists ' 

Two of us (Swan and Wood) and associates* ^ ha\c dcinonstiated that in 
the usual ease of atiial septal detect the blood shunted fiom left to light is com 
posed picdominantl} of blood draining liom the nght lung Minimal light 
to leit slmnting is not uncommon and occuis preterentialh tiom the infenoi 
\cna ca\a-, the light to left component is usuallj so small that the owgen 
saturation of blood in the s\stcmic aiteiies is within the range of noimal and 
the patient has no c\aiiosis 

Abridjfmcnt of thesis submittel b> Dr Weldm-in to the Faculty of the Graduate School 
of the Unnersity of Minnesota In partial fulflllment of the requirements for the degree of 
Al'i'ittr of Science in Pediatrics 

Recenecl for publication Jan 14 195" 

•Fellow In Pediatrics Mayo Foundation The Mayo Foundation Rochester Minn Is a 
part of the Graduate School of the UnI\ersitF of Minnesota 
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The presence of a predominant right-to-left shnnt with accompanying 
cyanosis has been demonstrated only in those patients with atrial septal de¬ 
fects complicated by pulmonary hypertension, cardiac failure, or associated 
congenital defect. 

Because of the left-to-right shunt, the pulmonary blood flow is markedly 
increased in a patient with uncomplicated atrial septal defect, usually 2 to 3 
times the systemic blood flow.®’ ’’ The systemic flow has been reported normal 
or decreased.®’ ® The pulmonary artery pressure is usually normal or slightly 
increased.® Pulmonary hypertension is relatively uncommon; onlj' 4 of Limon’s 
50 patients with atrial septal defect had severe pulmonary hypertension.® If- 
pulmonary hypertension does occur, it usually does not become evident until 
early adult life.®’ “ 

PURPOSE 

This report is concerned with the basic hemodynamic data in a sufficiently 
large series of cases to permit substantiation of certain general conclusions ■with, 
regard -to patients with atrial septal defects. Additional features of these 
lesions, recently unrecognized, are considered in more detail. 

Recent surgical progress in the correction of atrial septal defect'' has 
necessitated comprehensive classifications'®’'® of the variation of interatrial 
communication, for technical methods for the closure of such defects may dif¬ 
fer according to the lesion present. 

CLASSIFICATION OF INTERATRIAL COMMUNICATION 

The following is a classification of interatrial communications that is of 
practical value. 

I. Atrial septal defect 

A. Foramen ovale tj-pe 

B. Located cephalad to fossa ovalis and associated with anomalous connections 

of right pulmonary veins 

II. Persistent common atrioventricular canal 

A. Partial 

B. Complete 

III. Unusual communications via coronary sinus 

IV. Valve-competent foramen ovale 

A defect of the valve-competent foramen ovale type (IV) exists in about 
25 per cent of normal human beings'® and does not cause a detectable abnor¬ 
mality unless pressure in the right atrium exceeds that in the left. Defects 
high in the atrial septum (I., B) which do not involve the fossa ovalis are 
usually associated with anomalous right pulmonary veins connected to the junc¬ 
tion of the superior vena cava and right atrium." A defect in the region of 
the fossa ovalis may coexist. An anomalous connection of the pulmonary veins 
may coexist with any of the varieties of interatrial communication. 

METHODS 

Cardiac catheterization was carried out hy the techniques described elsewhere. Seven 
of the patients, all less than 8 years of age, were anesthetized by means of tribromoethanol 
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(A\crtm) pi\on rect*illj, supplemented when nece«‘«*irj lij internuttent intravenous injections 
of tluopontal sodium The doses of the 2 drugs were adjusted according to the size of the 
patient is The unanostlictizcd adults rcceued 1 5 gr (01 Gm) of scconal and 0 5 gr 
(0 032 Gm ) of codeine oralK before the procedure, the doses were reduced according to 
weight for the unanesthetizcd children 

Intrniascular pressure transmittel through the catheter and sjstcmic arterj pressures 
were recorded bi a photo oscillographic n^^erubU,!<■ using specialli adapted strain gauge 
manometer® 

When pr(®surc3 between two locations in the heart and great ^e®sels were to be 
rompared, onl\ tho®c pressures recorded immcdittclj before and just after withdrawal of 
the catheter from the one site into tin otiur were einluatcd 

Mean pulmona^^ nnd s\sttmic arterial pressures were calculated bv adding a third of the 
pul«L pressure to the diastolic pressure The aieragc mean pressure obtained b\ planimctnc 
integration of the piossure records m 10 patients did not differ significantlj from tlie mean 
pressure obtained bi this method 

An oximeter on each ear continuousU recorded the oxjgen saturation of peripheral 
arterial bloodSamples of blood were drawn through n cuvette oximeter attached to a 
catheter for intermittent determination of ox\gcn saturation* at different locations in the 
lieart chambers and great ^csscls For recognition of left to right shunts, samples wore 
drawn from the various chambers and \e«sels in rapid succession 

Intcrmittentlj during the procedure, samples of blood were draivn from the radial 
arterj and chambers of the heart for determination of ox\gcn saturation by mnnometric 
technique's lo 

I’ulmonarj (Qp) nnd sjstcmic (Qs) blood flows! were calculated by the Fick principle 
from oxjgen consumption ("Vo,) *'^<1 oxjgen content of samples of blood drawn from the 
radial (C„o,) and pulraonirj arteries (Cp,o,)» and \cnne cnvac^o When the oxjgen satura 
tions of blood samples from ladial and pulinonarj arteries were ncarlj identical, the blood 
samjdes were compircd preci«ol\ b\ ia«smg tiem through the same oximeter Bj this moans 
differences of saturation of the order of l per cent could be measured with accuracj 

Qr = 

(GprOj““ bip»Ojl j Qg — (CttOj” ^mvOj) 

Qp = Pulmonnrj flow (liters per minute) 

Qs =: Sjstemie flow (liters per minute) 

Vo = Oxjgen consumption (cubic centimeters per minute) 

Cp,03 = Oxjgen content (cubic centimeters per liter) of pulmonary vein bloodj 
Cp.Oj = Oxygen content (cubic centimeters per liter) of pulmonary arterial blood 
C„o = Oxygen content (cubic centimeters per liter) of sjstcmic arterial blood 
Cm 0 = Oxjgen content (cubic centimeters per liter) of mixed venous blood 
C,T,o, + 2 C,,jo* 

3 

Q, 

Left ventricular stroke volume was calculated to equal 

R = cardiac rate at time that samples of blood were drawn for estimation of 
sj8ti,mic flow 

Pulmonary and sjstcmic flow and stroke volume were expressed also in relation to 
body surface of the individual (pulmonary flow index, sjstcmic flow index, stroke \olume 
index) 

•Values are expressed as a percentage of the oxygen capacity These data could be 
expressed as volume of oxygen per 100 cc of blood by multiplying by the oxygen capacity 
tSymbols modified from Standardization of Definitions and Symbols in Respiratory 
Physiology » 

tPatlent breathing room air Cnvo, = (98 per cent of oxygen capacity + 0 3) XIO Patient 
breathing 100 per cent oxygen CptOj = (100 per cent of oxygen capacity + 2) XlO 
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Shunts were calculated as follows, and expressed as per cent of eitlier pulmonary or 
systemic flows: 

Venoarterial (right-to-left) shunt expressed as per cent of systemic flow = 
(Qs ~ Qr) 


Qs 


X 100 


Arteriovenous (left-to-right) shunt expressed as per cent of pulmonary flow = 
(Qp ~ Qs) 

Qp ^ 

In the absence of an estimate of oxygen consumption, shunts were calculated as follows: 


Venoarterial shunt expressed as per cent of systemic flow' 




bpiO, Oi 


X 100 


mvOa 


Arteriovenous shunt expressed as per cent of pulmonary flow = —x 100 


Arterial dye-dilution curves were recorded by means of ear oximeters and simul¬ 
taneously by a cuvette oximeter attached to a needle in the radial artery^i following 
injection of Evans blue dye (T-1824) at various sites in the heart and great vessels .22 
A venoarterial shunt was demonstrated by an abnormally short appearance time for 
the dye at the recording site and an abnormal initial deflection of the curve .23 Pro¬ 
longation of the disappearance slope of the curve confirmed the presence of an arteriovenous 
shunt.2i 


In those cases in which a right-to-left shunt was indicated by an abnormal indica¬ 
tor-dilution curve, but in which there was no decrease in oxygen saturation of peripheral 
arterial blood, the per cent of shunt was determined from the dye-dilution curve by a 
metliod described previously .23 

The pulmonary resistance was calculated as follows: 

Pp X 1 332 X 60 

- = Rp, where Pp,„ is the mean pulmonary arterial pressure in millimeters 

Qp 

of mercury measured at the time that the blood samples were drawn for calculation of 
pulmonary blood flow: 1,332 is the conversion factor from millimeters of mercury to dynes 
per square centimeter; Qp is pulmonary blood flow in cubic centimeters per second; Rp 
is total pulmonary resistance expressed in dynes • second • cm.-5. 


CRITERIA FOR DIAGNOSIS 

A diagnosis of atrial septal defect was made after cardiac catheterization when a 
left-to-right shunt had been demonstrated between the two atria or if a significant right- 
to-left shunt was present and a small left-to-right shunt was demonstrated inconstantly. 
The passage of the catheter from the right atrium to the left atrium without accompanjdng 
evidence of shunting was not considered necessarily diagnostic of an abnormal interatrial 
communication, since it is possible for a catheter to pass through a normal valve-competent 
foramen ovale. 

The oxygen saturation of blood in the venae cavae and right atrium was determined 
by drawing samples in rapid succession through a cuvette oximeter. In an unanesthetized 
patient, the oxj-gen saturation of blood in the inferior vena cava is almost always higher 
than that in the superior vena cava so that wdienever possible samples were obtained from 
both vessels. Variation in oxygen saturation occurs at different levels in the inferior 
vena cava, so that the tip of the catheter was positioned at the level of the diaphragm to 
insure as representative a sample as possible. 

An arteriovenous shunt was considered present if the oxygen saturation of blood in 
the right atrium was demonstrated to be 2 or more per cent higher than the average 
oxygen saturation of the mixed venous blood. 

In those cases in which arterial dye-dilution curves were recorded after injection of 
T'1824, the presence of a left-to-right shunt was verified by an abnormally long disappear¬ 
ance slope of the curve, indicating pulmonary recirculation of' dyed blood. 
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\ft«'r nii(<tion of (he into ciUicr C1^1, a short nppcarin<.e tunc of the cl)C nt the 
rnording fl\t« vsitlv u\ atmormil initial deflection indicated a lenoartcnal shunt Con 
liruution of the site at uhich the vhnnt was occurring was ot)t lined ti) ab'»oncc of an 
ibnoriiml iiiitml dofli tion when d\c iin«i injected into the right icntnclo Tlie dje 
dilution (line m thi. mo><t nocuritc method of a^itertnining the prc^icnec of a right to left 
‘(hunt Iloweier, in cases in Minch n die dilution curie isaa not obtained, Hit finding of 
a pcriplnril artirial oxigcn situration of lo«s than 04 per cent i\ith the patient breathing 
air, or tlu finding of lo'ss than 1 lolumc ptr cent of oxjgcn pliisicalh dissolied i\ith the 
pitnnt bn ithing 100 per cent owgcn, i\ns considered eiidincc of a icnoartcnal shunt 
Condition'* which euisc arterialiration of blood in the right atrium, and thus ma\ be 
eonfu’-(d with utnul stptnl defeet art (1) common ntrioientricular canal, (2) anomalous 
oonneitimi of a pulmonari lem or mns, (1) aneurism of the posterior aortic sinus with 
rupture into the right atrium, (4) untneular septal defect with insufficienci of the tri 
cuspid luUe, (5) icntriciilar septal detect o]>cning into the right atrium, and (6_) com 
munit ition b tween coron ir.i simis and left atrium 

M\THU\C STUWVP 

The lie niodinaniic d ita of thost juticnts haling had cardi it tuthetcrization in our 
liloritori littwcen lltcember, 1947, and October, 1054, were reviewed There were 121 eases 
in wliith tt diagnosis was made of nbnoniial interatrial eomnmnication 

Patients who had ussoe.iuted pulmonarj liipcrtcnsion, anomilous connection of a 
pulmonin vein or luitral lalit disease were mcludeel in tlic senes beevusc the atnal 
'•cptil defect was the prinurj anomali Those who-c condition was diagnosed ns common 
itTioitntncular t mal were included because of the simdanij of the hrmodimaimcs of 
the two conditions Those with other associated abnormalities wore exiluded because the 
jnteratrnl commumtatiou w is considend a pirt of a more complex anomalj (Table I) 


TAIIIF T iNCIDFStt 01 AMTOMIC DFIFCTS is 121 PaTIFSTS IV Whom an iNTFPATriAIi 
CoMMirstClTIOS WlR A IIFMOMN VMICAl U SlOMlJCAST LeSIOV 


! 

CA^FS 

j IFR CENT 

1 Oi TOTAI 

Atn il septal defect, uncomplicated 

Associated pulmonarj hyportenmon 

44 

36 

13 

11 

AsHOemted anomalous pulmonary venous connection 

fi 

5 

A‘*sQ^.|'xted mitril valve disc ise 

0 

<1 

Common atriovintncular canal 

6 

5 

Intil patients tonsjdered in this report 

71 

59 

Otlier associated abnormalities 

Pulmonarj stenosis 

26 

21 

A entricular septal defect 

13 

11 

Tricuspid atresia 

Ebstein’s (leformitj of the tricunpul v ilvo 

5 

4 

3 

2 

Persistent truncus arteriosus 

1 

1 

Patent ductus arteriosus 

1 

1 

Coarctation of tlu aorta 

1 

1 

T otal 

121 

100 


Twenty patients elcmouatrated a gradient of pressure across the pulmonaiy valve 
gre iter than 50 mm of mercury and were excluded because this was considered indis 
putable ovidonco of stenosis of the pulmonary valve An additional 6 patients had a 
pressure gradient greater than 20 ijim of mercurj across the lalve and were excluded as 
probablj having organic stenosis of the pulmonarj valve, a more detailed discussion of 
this matter will follow 

In 13 eases a ventricular stptnl defect was associatc'd, and the catheterization data 
did not indicate that an atrioventricular tj^ie of lesion (persistence of a common atno 
ventricular canal) was present 
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'^incc the dinpiosis of niihl orp'inic “tcnosis of the pulmonarj %aUo coraplieating 
ntml soptnl defect is ba^td on «oineuhnl nrbitmrj rulc«, and «mcc the heniod}*nannc entorn 
for diagnosis of tonimon ntrio\on{rieular cana] have not been defimtel\ established, it i« 
pos-iblo that the Allotted group of ca'cs of uncomplicated atrial septal defect include*- 
samt example** of tin. two conditions 

This stud.', then is loueerned with the 71 patients m whom the atnnl septal defect 
was the prinnrv congenita] defect 


IlF^bLT'N 

The Mtal statistics and pertinent iKimKhnantic data foi these patients aie 
gnen in Talilts II and III 

Sex and Age —^olt^ nine patients A\cie females, and 22 ^^erc males, a 
latio of 2 to 1 TIk ageij langcd fioiii 3 to IS \tais tMth nioio Ihnn half of 
the patients hctSNceii 21 and 40 aeais of age (Pig 3) 



Age—Years 


Fig 1—Frequenc> distribution accordlnf to age at the time of cardiac catheterization of tie 
71 patients with Intentrial commutilcxtion considered in this report 


Puhiwimri/ Blood rioit —The noimal cardiac output foi adults at rest, 
hi eat lung an, as calculated b* the Fick pimciple, has been fotmd to aterage 
3 4 liteis pet minute pei squaie inctei (lange 2 8 to 3 3 L /min /JI ) ■- Based 
on these \ allies of expected noimal pulmonaii flou, the senes uas dmded into 
groups of decieased, noimal, modeiatch increased, and maikedh ineieased 
pulmonaij floii index (Table IV) The blood flon uas deteiimned uliile the 
patient uas at rest and uas Incathing an, and the mean pulmonari blood 
flo« for the gioup was S3 h/mm/M~, two and a half times normal In 
more than thice quaiters of the group the pidmonarj blood lion uas model ateh 
to markedh ineieased The seicn patients -nitli decreased pulmonaij blood 
floi\ all bad set ere pulmonarj hrpertcnsion 

Systemic Blood Flme—The sjsteniic blood flow at test was within the 
lange of normal in 69 per cent of the subjects m whom it was measuied (Table 
IV) Onlj 5 of the group bad more than a minimal deetease in sjstemic flow 
All of these bad pulmonaij hjpertension 
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Table IV. Distribution of Pulmoxart and Ststemic Blood Plows in Patients With 

Interatrial Communication 



1 BLOOD FLOAV 


1 SYSTEMIC CASES 

1 PULMONABT CASES 

Decreased 

Less than 2.0 

5 

7 


2.0-2.8 

15 


Normal 

2.8-5.3 

42 

7 

^Moderate increase 

5.4-9.0 

3 

26 

Harked increase 

More than 9.0 

0 

27 

Total 


65 

67 


The stroke volume index has been calculated to range between 40 and 65 
ml./beat/jM." in normal adults studied in this laboratory while at rest and 
breathing air. The average for this gi'oup was 49 ml./beat/M.- The stroke 
volume index of the left ventricle was calculated in 21 adults with atrial septal 
defect in our group who had normal sj'stemic blood flow. The average stroke 
volume in this group was 44 nil./beat/jM.^ Sixteen of these patients had stroke 
volumes between 40 and 60 ml./Iieat/M.", which is within the range of normal. 
The stroke volume of the remaining 5 was somewhat reduced and lay between 
30 and 40 ml./beat/Jf.-; 3 of these had uncomplicated ati’ial septal defects, 

1 had severe pulmonary In'pei’tension, and 1 had common atrioventricular 
canal. The average left ventricular stroke volume of 8 adult patients with 
.systemic flow of less than 2.8 L./min./iM.- was calculated and was found to be 
25.1 ml./beat/M.®, with a range from 15.7 to 34.3 ml./beat/iM.® Two of the 
patients witli low stroke volumes had uncomplicated atrial septal defect and 
had a stroke volume that was only minimally reduced, being greater than 30 
ml./beat/M.- The remaining 6 Avere either in cardiac failure or had severe 
pulmonary hj-pertension. 

There was no correlation betiveen the magnitude of the pulmonarj' and 
systemic blood floAvs in these patients. In patients Avith uncomplicated atrial 
septal defect, the systemic blood flow remained AAuthin the range of normal 
despite the magnitude of pulmonarj’- floAV. 

Oxygen Saiuraiion .—A comparison of oxygen saturation of samples of blood 
AvithdrauTi in i-apid succession from the inferior and superior venae cavae in 
unanesthetized patients revealed that in most the oxygen saturation aaus sig¬ 
nificantly higher in the inferior A'ena cava than in the superior A'ena caAm 
(Fig. 2). The average difference Avas 7 per cent, a difference Avhich is approxi¬ 
mately that found in normal adult subjects. 

The oxygen saturation of samples of blood draAvn in rapid succession from 
the right A^entricle and right atrium differed in many of the subjects (Fig. 3); 
hoAvever, the diffei-ence Avas not constant when sampling Avas repeated. In 

2 patients, the oxygen saturation of samples of right ventricular blood was 6 
to 8 per cent higher than that of right atrial blood, suggesting that perhaps 
a A-entrieular septal defect coexisted. These 2 patients Avere operated on for 
closure of the atrial septal defect, and the A'entricular septum in each was found 
to be intact. 
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Four o£ the C patients with a diagnosis of common atriovcntrienlaf canal 
shoncd a consistent and significant increase in the oxygen saturation of blood 
in the right ventricle over that in the right atrium; the remaining 2 patients 
had only insignificant increases on repeated sampling. 

Shunts ,—From the data on blood oxygen saturation it was found that 49 
patients (64 per cent) had shunts only in the Icft-to-right direction while at 



OlffERENCES IN PER CENT SATURATION 


Fig: 2—Frequency distribution of differences In ox>ecn saturntion of Inferior and su¬ 
perior cti\al blood In 51 of the patients studlctl while conscious The <ietormin»\tions were 
made by means of a cuvette oximeter through which the samples of blood were drawn In 
quick succession (a\eraffc interval between samples was 45 seconds) As in normal subjects 
the saturation of blood from tiie Inferior vena cava exceeds that of superior vena cava by 
an average of 7 per cent. This relation docs not hold under conditions of anesthesia In 
a few cases the magnitude of this difference suggested that blood In the inferior vena cava 
was being contaminated by blood of high oxjgcn saturation either due to an anomalous 
connection of a pulmonary vem to the Inferior vena cava oi due to reflux of shunted blood 
into the Inferior cava itself. 



0irF£RENC£5 IN PER CENT SATURATION 


Fig 3 —Frequency distribution of differences between the oxygen saturation of blood 
from the right ventricle and right atrium, in 58 of tlie patients Samples ^^ere obtained 
successively from just within the right ventricle and from the right atrium close to the 
tricuspid valve (average intervml between samples was minute) Note the wide range of 
differences which may exist in patients without Interventricular communication However, 
the greatest differences were obtained In 4 of the patients with persistent common atrioven¬ 
tricular canal. 
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rest and breathing air, 17 (24 per cent) had bidirectional shunts through the 
defect, and 5 (7 per cent) had riglit-to-lcft shunts only. In the more recent 
catheterizations, small right-to-left shunts from the inferior and superior venae 
cavae have Imcn demonstrated Ijy the dyc-dilution methods in the majority of 
cases so studied. Only in patients with pulmonary hypertension, however, 
has the riglit-to-Ieft shunt been of sufficient magnitude to cause significant arte¬ 
rial desaturation. 

More than 70 per cent of patients with right-to-left shunts whether of 
small or large magnitude showed preferential shunting of blood from the in¬ 
ferior vena cava. Slore than 70 per cent of those patients in whom dye curves 
were obtained after injection of dye into the riglit and left pulmonary arteries 
showed preferential left-to-right slninting of l)lood from the right Inng. All 
the patients without pulmonary hypertension showed a left-to-right shunt, 
which averaged 55 (20 to 70) per cent of the pulmonarj’^ blood flow. The right- 
to-left shunt in these patients, as estimated from the dye-dilution eurves, aver¬ 
aged 9 (0 to 20) per cent of the systemic blood flow. 

Two of the patients (Cases 27 and 51, Table I) with severe pulmonary 
hypertension had pure arteriovenous shuirts amounting to 70 and 60 per cent 
of the pulmonary blood flow, respectively. 

The 6 patients with common atrioventricular canal all had left-to-righi 
shunts at the atrial level; 2 had demonstrable shunts through both atrial and 
ventricular septal defects. Two of the 3 patients with dye curves for the right 
and left pulmonary arteries showed no significant preferential shunting of l)lood 
from the right lung. All 6 patients also had right-to-left shunts of 5 to 50 
per cent of the systemic flow through the atrial defect, but no right-to-left 
shunt could be demonstrated through the ventricular defect. 

The patient (Case 58) who had an anomalous right pulmonaiy vein which 
entered the superior vena cava and severe pulmonary hypertension had a pre¬ 
dominant right-to-left shunt. 

One patient with mitral stenosis (Case 71) had a large arteriovenous and 
a'' small venoarterial shunt through the atrial defect. The other patient with 
mitral disease (Case 70) had severe mitral insufficiency and an atrial defect 
of the valve-incompetent foramen ovale type. 

Pulmonary Artery P7essure .—Pressure in the pulmonary artery was meas¬ 
ured in 66 patients. In 45 it was normal or onlj' minimall 3 ^ increased (sj^stolic 
pressure 40 mm. of mercuiy or less). In 6 it was from 41 to 60 mm. of mer- 
curj^ and the patients were classified as having moderate pulmonarj* hj’per- 
tension. Ffteen patients had severe pulmonary'' In^pertension with sj'stolie pres¬ 
sures greater than 60 mm. of meremy (Fig. 4). 

Of the 19 patients less than 21 jmars of age, onlj^ one, a child If/o j-ears 
of age, had moderate elevation of pressure in the pulmonaiy arterv; the re¬ 
mainder had normal or only minimally elevated pressures. All the other pa¬ 
tients with severe hypertension were adults, but only 3 were more than the 
age of 40 j'ears (Tables II, III, and V). 

There was no correlation between pressure and blood flow in the pulmonary 
arteries of patients vdio had a mean systolic pressure of 40 mm. of mercuiy or 
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less (Fig 5) IIouo\(i,in the gionp ^\llll pulmon.in In pci tension (mean s^s 
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Flff 4 —rroquonci distrlliutlon of pulmoniftry nrtcr> ^jslollc pre«^nrcs Jn fO patient*’ 
with Interatrial communication The antn obtnlnei in 2-1 healthy pubjtcts are meiude I for 
comparison Jsoto tlmt mnnj of the patienta hnxc pre^^ure*’ sitniint to or « 1 l 4 ,litl> in excess 
of thOBo obtained Jn the healthy subjects Ne^erlhcIe««; 15 per cent of tlic patients had 
pulmonary artery systolic pres-^ures Jn excels of 100 mm of mercurj 
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Pigr 5—Relation of puImonar> blood flow to pulmon ir\ artery mean pressure in oi 
patients with interatrial communication Note the apparent division of the data so that tlie 
now \alues arc almost independent of pressure m those patients with a mean pulmonarj 
artery pressure of less than 30 mm of mercury In the patients with a mean pulmonarj 
artery pressure in excess of 40 mm of mcrcurj there was an in\erse relation between pressure 
and flow 


thoie \\ns an iiudsc relation lictuten pulinonan fhm and pulmonan aitcrt 
mean piessuie In Cases 17, 27 and 5J an incnascd pulinonai} blood flon 
atns maintained despite an cle\ai(d piilmonai^ aiton mean piessiuc 

Piesswe Gradient Acio’is the Pulmonaiij Yahe —A significant piossuie 
gradient occuired acioss the pulmonary \ahe in many of the patients, so that 
it ^\as difficult to decide uhicli ones had oiganic stenosis ol the piilmonai’j 
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Table V. The Relation op Pulmonary Artery Pressure to Age 


SYSTOLIC PRESSURE IN 

pul:monary artery 
(mm. HG) 

AGE OP PATIENTS IN YEARS 

<21 1 21-40 1 >40 

TOTAL 

PER CENT 

Le«s tlian 30 

14 

12 

2 

28 

42 

30 to 40 

4 

9 

4 

17 

26 

41 to 60 

1 

4 

1 

6 

9 

More than 60 

0 

12 

3 

15 

23 

Total 

19 

37 

10 

66 

100 


valve (Fig. 6). However, those patients with a systolic pressure gradient of 
more than 20 mm. of mercury had normal or low pulmonary blood flow, or 
a low systolic pressure in the pulmonaiy artery, and were excluded from the 
series as probably having organic stenosis of the pulmonary valve. The remain¬ 
ing patients with a significant gradient of pressure across the pulmonary valve 
had either high pulmonarj^ artery pressure or a pulmonary flow which was 
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Pie. 6—Frequency distribution of the magnitudes of the systolic pressuie gradient 
across the pulmonarj’’ vahe in 59 cases of interatrial communication Measurements were 
only made from records of pressure obtained as the catheter tip was \\ithdra\\n across the 
pulmonary valve and in the absence of cardiac irregularities In healthy subjects the average 
gradient -vsas 2 mm of mercury (range 0 to 7 mm of mercury) -= 


greater tlian normal. Three of the patients noth gradients of 10 mm. of mer- 
euiy or more (Cases 40, 62, and 63) were operated on for closure of the 
atrial septal defect, and a normal pulmonary valve was demonstrated in each. 

The magnitude of the gradient was unrelated to the height of the pul¬ 
monary artery pressure. 

In indmdual patients there uas no positive relationship between pul¬ 
monary blood flow and the systolic pressure gradient across the valve; how¬ 
ever, there was a poor hut statisticall 5 - significant correlation between pul- 
monaiy flows and gradients for the entire group (r = 0.4). 

Total Pulmonary Resistance .—In those patients without pulmonary h 5 T)er- 
tension, there was an inverse correlation between pulmonary blood flow and 
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pulmonary resistance. As the pulmonary flow incicased, there was a corrc' 
spending decrease in calculated pnlmonaiy resistance. Tn the majority of the 
subjects \\ith severe pulmonary hypertension, pulmonary blood flow was de¬ 
creased, and pnlmonaiy vascular resistance was increased considerably. 

Common Airiovcntricular CanaL —The diagnosis of common atriovcntiieu- 
lar canal iias made in G eases (Cases 04 to GO, Tabic III). In all, there was a 
typical loentgcnologic appearance of the catheter passing from the right atrium 
into the left ventricle. In 4 of the C there was a significant increase in the 
oxygon saturation of blood in the right ventricle as compared to tluit in the 
right atrium. In one patient (Case G9) who had .se\orc pulmonaiy hyperten¬ 
sion and no left-to-right shunt at ventricular level, the diagnosis of common 
atrioventricular canal was made at necioiisy. 

Cleft of the mitral or initial and tricuspid valvis accompanies a persistent 
common atrioventricular canal. Con‘50(iuently, the pressure pulses of the right 
and left atria and the pulmonarA* aiteiy wedge Mcie examined for abnormally 
higli V waves, whicli could have resulted from regurgitation of blood tluough 
one or both valves. Both of the eases in which the diagnosis •was confirmed at 
operation had normal prcssuic pulses in the left and light atria, 

X/vfonhnchcr's Syndromr. —Only one patient (Case 70) ivas given a diag¬ 
nosis of mitral stenosis and this diagnosis was confirmed at operation. Of 
tlie 23 other patients in the sei*ics operated on for closure of the atrial septal 
defect, the mitral valve was normal in all but one (Case 71) in whom mitral 
insufficiency -was present. 

AnomoJou^ Pulmonari/ IViiwus C'o»«fctio».—Six patients had anomalous 
connection of one or more inilmonary veins. In all Imt one (Case 58) in whom 
operation w'as not performed, the diagnosis was confirmed at surgery. 

COMMENT 

This study of atrial septal defect and conditions causing nearly identical 
disturbances of the circulation confirmed ceitain general impicssions Females 
arc moie commonly affected than males. The relatively small proportion of 
childien and adolescents studied, which is in contrast to the experience of 
this laboratoiy with many other forms of congenital heart disease, supports 
the impression that many patients enjoy good health during childhood 

The evidence is conclusive that in uncomplicated atrial septal defect the 
pulmonary blood flow' is usually at least twice the systemic flow. Despite this 
substantial increase in pulmonarj' blood flow' the pulmonary aitcry pressuic 
icmains normal or minimally elevated, and calculations of pulmonary %ascnlar 
resistance give values w'lthin or below' the range of noimal. In adult patients 
W'itli uncomplicated atiial septal defect, the systemic flow is normal. As the 
left-to-right shunt increases in magnitude w'ith a consequent increase in pul- 
monaiy lecirculation, a proportionate decrease in sjstemic flow might be ex¬ 
pected. How’cvcr, the data show' no conelation betw'cen the magnitude of pul¬ 
monary and systemic flows, and indicate that many patients w’ith uncompli¬ 
cated atrial septal defect maintain a normal .systemic flow' and a normal left 
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ventricular stroke A^olume. Because of the normal difference of oxygen satura¬ 
tion (see below) between blood from the superior vena cava and inferior vena 
cava, use of the satui'ation of superior vena caval blood as representative of 
mixed venous blood for the calculation of systemic blood flow will result in a 
systematically lower value for systemic blood flow. This may be the explana¬ 
tion for the report of Dexter'^'’’ that the left ventricular output is usually re¬ 
duced in patients Avith atrial septal defects. 

Certain observations Avill now be considered in someAvhat greater detail. 

Oxygen Saturation. —The higher oxygen saturation of blood in the inferior 
A'cna cava as compared to the superior vena cava is an important consideration 
Avhen making the diagnosis of atrial septal defect during cardiac catheterization. 

About half of all the blood returning to the right atrium is carried by the 
inferior Amna cava; in normal subjects the oxygen saturation of this blood 
exceeds that returned by the superior vena cava by an average of 5.7 per cent 
(I’ange -2 to +16 per cent)."' Conscciuentlj', even in the presence of an intact 
atrial septiAm, a sami)le of blood draAvn from the right atrium Avill usually 
have a slightly higher oxygen saturation than a sample draAvn from the supe¬ 
rior vena cava. The certain demonstration of an abnormally high oxygen sat¬ 
uration of right atrial blood is not usually a problem Avhen it exceeds the sat¬ 
uration of superior caval blood by 10 per cent or more. When this is not the 
ease, samples draAvn in rapid succession from the inferior vena cava, the right 
atrium, and the superior vena cava, Avith the procedure repeated several times 
if necessary, Avill frequently enable a decision to be made as to the presence or 
absence of a left-to-right shunt into the atrium. Anomalous connection of the 
right pulmonary veins to the si\perior vena cava Avith associated interatrial 
communication has been seen in several patients. In this situation the oxygen 
saturation of superior caval blood Avill be equal to or exceed that of right atrial 
blood, and further samples must be, taken upstream from the site of connection 
to determine the possible nature of such an anomaly. Clearly the demon¬ 
stration of these differences is greatly facilitated by use of an instantaneous 
method of high relative accuracy such as the cuvette oximeter for the deter¬ 
mination of oxygen saturation. The considerations outlined above are of ex¬ 
treme practical importance in obtaining the highest possible degree of accuracy 
in diagnosis in the group of patients Avho are candidates or potential candidates 
for surgical correction of their abnormalities. 

The difference in oxygen satui'ation demonstrated betAveen the blood in the 
right ventricle and right atrium is presumably the result of incomplete mixing 
of blood in the right atrium. The magnitude of such differences, Avhich may 
frequently he considerable, is evident from Fig. 3. For example, if a sample 
of blood is drawn from near the coronary sinus and compared Avith a sample 
from the I'ight vi'iitricle, tlie oxygen saturation of blood in the right ventricle 
Avill appear greater and a ventricular septal defect might be suspected. Con¬ 
sequently, samples of right atrial blood should be draAAui from a position as 
near to the center of the chamber as possible, and significant increases in oxygen 
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sntuiatu)n ol blood in the ii{iht \cntiielc should b( dcmonstiahlL in suiial 
suns oi snnpUs dia\\n in lapul siuctssum ftom tlu two diainlnis bcfoii a 
diagnosis is inadi of an assoditid intiixuitiuniai (onnnnnu itum 

Shunts —Tilt diicttion ol How aeioss an atiial stiit il diiitt is Hit itsult 
of diffoiciites in piessuic in tin light and Iclt atiia”'' In most patients with 
wneompUcated utiial septal defects, the mean prtssuic is shghlh lughei in the 
left than in the light atiiuni, although the incasmcmoiit ot such dilToicnccs is 
difTiciilt Such conditions weic found m those of om patients in whom left 
and light atiiil picssims wcic obtained neaih simultancousU 

A plausible explanation foi the pussuic diffciencc between the atna is 
the lowci rdling picssuie and gioatci dislonsihiliti of the light than of the 
left eentiiclc altliough Shaffer and associatts'”’ considiicd the picssuic\olunic 
chaiactoiistics of the atna and olhei factors inoio impoitant Although the 
moan piessiuc is highci m the left than in the light atiium, at ccitam times 
111 tiic caidiae ciclc, paiticulaiU cail\ in atiml sjstoic and immcdiateU attii 
atiial si&tolo, thoic appears to be a leieisal in giadient foi a brief pouod This 
iciei'sal nln^ explain the hcmodMiaimcalh insignificant light to left atiml 
shunt which is frequontU dcmonstiablc h^ d\c dilution teehnujues'’ The niiat- 
onn of the right atiium cioates a natuial channel foi blood flow horn the in 
foiioi Nona cava to the foiaimn ovale This mnv explain the finding that a 
grcatci piopoitiou of infouoi enval as opposed to supenoi caval blood shunts 
light to left in the brief period in which a tight to left shunt ocems 

Gia(hent of Prcssuic Acioss the Pulmonary Valve —^Manv patients with 
uncomplicated atiial septal defect have lowoi svstolic blood prossiuc m the 
pulmonarj aiteiv than in the light venliicle In those of out patients studied 
aftci lepaii ot the defect, the picssurc giadicnt was abolished as obseived bv 
Blount and cowoikers^® In the gioup of 22 hcalthv subjects studied in this 
laboiatorj*® the avciago svstoUc picssuie gradient was 2 0 mm with a laiige of 
0 to 7 mm 

JIanj factois could be involved in jnoduciiig the piessure giadiont acioss 
the pulmoiian v<ilvc The lelative diametei of the valve, as compaicd to the 
size of the light vcntiiculai cavitv and the dcgiec of dilatation of the pulmonaiv 
aitcij, could affect the gradient In the patient with atrial septal defect such 
a set of ciicumstances exists, a dilated light veutiicle and pnlmonaij aitciv 
aic sepaiatcd bj a iioimal pulmonarv valve with lesulting “functional pul 
monarj stenosis ” 

The height of picssuie in the pulmonaiv arteij was not lelated to the 
size of the gradient, however, theic was a lough coiielation between pulmonarv 
blood flow and giadicnt As the pulmonaiv flow incieased, the giadicnt across 
the valve incieased It mav be leasoned that the oiifiee of the pulmonaiv 
valve, although noimal in diameter, lepiescnts a legion of lestnction to flow 
as the naiiowcst point in the pathwav to the lungs In this location liigh 
velocity and turbulence might well be anticipated Since the svstolic iniumui 
of atrial septal defect is heaid best ovei the legiou of the pulmonaiv valve, it 
seems logical to assume that it icsuUs fiom this functional stenosis of the pul 
monarv valve 
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Pulmonary Hypertension. —The incidence of severe pulmonarj^ hyperten¬ 
sion is low in atrial septal defect,® and it is of interest that none of the patients 
less than 21 years of age had severe pulmonary hypertension. More recently 
a child, aged 11/2 years, was found to have a pulmonary artery pressure of 54 
mm. systolic and 36 mm. diastolic. At operation an atrial septal defect in the 
usual location was the only anomaly discovered and was repaired successfully. 
When pulmonary hypertension develops and synrptoms become nrore severe, 
the patient is more likely to consult a physician and in turn have cardiac cath¬ 
eterization. Consequently, if pulmonary hypertension occurred as commonly 
iir childhood as in later j^ears, these patients would he sent for cardiac cath¬ 
eterization more frequently than those with rrncomplicated atrial septal defect. 
For these reasons, it appears possible that pulmonary hjqrertension developed 
as a complication of atrial septal defect in some of the older patients, the 
duration of the left-to-right shunt possibly being one of the factors in its 
genesis. Exceptions to this generalization occur, for patients 60 years of age 
or more have been studied and found to have the clinical and hemodynamic 
features of atrial septal defect like those usually seen in young adults. 

The pulmonary vessels of 2 of the patients in this series Avith pulmonary 
hypertension Avere examined. One (Case 27) had a high systolic pressixre in 
the pulmonary artery and only moderately elevated diastolic pressure; the 
total pulmonary resistance Avas only moderately elevated; the pidmonary blood 
floAV Avas high, and there Avas a pure left-to-right shunt. Microscopic examina¬ 
tion of the lungs revealed medial hypertrophy of the muscular arteries Avith 
comparatively fcAV vessels shoAving inthnal changes. 

In Case 5, sj'stolic and diastolic pressures in the pirlmonary artery Avere 
high; the total pulmonarj^ resistance Avas markedly elevated; the pulmonary 
blood floAV Avas reduced, and there AAms a right-to-left shunt through the atrial 
defect. IMieroscopic examination revealed extreme intimal thickening of the 
pulmonary arterioles Avith occlusioir of vessels by connective tissue; there Avas 
also medial hypertrophy of the muscular arteries. 

Recognition of Other Conditions Which May Simulate Atrial Septal 
Defect .— 

Common atrioventricular canal: The differentiation of comnroir atrioven¬ 
tricular canal at cardiac catheterization is important, since the surgical closure 
of this complex anomaly is best performed by open cardiotomy Avith extra¬ 
corporeal circulation. Satisfactory repair of an atrial septal defect can be 
accomplished Avithout the use of the latter technique. 

Probably the most significant diagnostic finding may be the tj^pieal course 
taken by the catheter AAdien passing from the right atrium into the left ventricle. 
When this finding is associated AAUth a consistent, significant increase in oxygen 
saturation of blood in the right ventricle indicating an accompanying ventricular 
septal defect, there is great likelihood that a common atrioA’^entricular canal 
is present. 

Since the atrial defect in this type of lesion lies in a ventral position in 
the septum, there is usually a siAbstantial posterior septal rim. Less preferential 
drainage of blood from the right lung might be expected than in defects lying 
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in the aioa of the foiamen o\ale The iiumbci of cases studied are not sulTi- 
cient to allow a conclusion to bo difiwn, but the indication is that absence of a 
picfeicntial loft-to light shunting of blood fioin the light lung in the picscnce 
of a laigc pulmon.in flow suggests that the intciatnal communication maj be 
low and ^elltlal in the septum 

Anomnlowi pulmonn))/ ifjiotK connccUnn Caie must be taken at caidiac 
cathcteii/ation not to intoipiet the functional anomalous diainagc of the right 
pulmonai\ \eins ficqucntl\ found in the usual ease of atiial septal defect® as 
(Mdence toi anatomic anomalous connection of the \eins fiom one lung Noi 
can the appaient passage of a cathctci fiom the icgion of the light atiium into 
the light pulmonaiy icins he taken as ccitam pioof of the picsencc of an 
anomalous connection 

IIowe^ol, anomalous \onous connection of the light lung is associated ^cl^ 
ficqucntly with a defect in the atiial septum, and the diagnosis has been made 
in oui eases dm mg cathotcijj'ation Tlie diagnostic aspects of tliesc conditions 
ha\e been considcied in some detail in a pic\ions publication^ 

Coitain cases of complete anomalous pulmonnn \enous diainage due to 
connection of all the pulnionan sems to the light atnum oi to the superior 
lena ca\n with laigo i>ulmonai\ flows ma^ closely simulate the clinical picture of 
atiial septal defect Data on scieial such cases ha\c iccenth been jnesented 
fiom this laboiaton 

Di?cflsc of the Vahe —The diagnosis of initial stenosis is e\ticmclv 

difficult unless tlio tip of the eathetei enters the left \cntriclc Ma the initial 
\ahe It IS possililc that in addition to the one patient in oiu senes who had 
initial stenosis, thoic might be otlicis m whom the diagnosis was not made 
The finding of normal pulmonaiy aitcry wedge and light atiial or left atrial 
(if cnteicd) pressuics in the picscnce of noiinal s\stemic flow is c\idoncc that 
a heinodjnamicalh significant dogiec of mitral stenosis docs not exist 

If a clinicalh significant dcgicc of mitral stenosis existed, the piessuie 
lc\el in the atiia A\ouId be incieased If increased atiial piossurc associated 
with 1 educed s-sstomic blood flow is found in the absence of se\ere pulmonan 
hypertension, the possibility of initial stenosis should be suspected Tlie diag 
nosis was made pioopciatnely on this basis in Case 71 reported in this senes 
In two patients one (Case 27) with and one (Case 21) without pulmonaiy 
In pel tension, who had ■veiy high picssuies in the light atiia, the mitial and 
tiicuspid ^ahes weie found to be normal In Case 21 the systemic flow was 
3 5, and in Case 27 it was 2 5 L /min /IM " 

It is significant, howe\ei, that of the 24 patients of this senes opciated on, 
onh one (Case 71) had mitial stenosis and no other patient has been found in 
45 additional patients studied and opciated on since the senes was closed Tlie 
conclusion is that mitral stenosis is an mfiequent complication of atnal septal 
defect 

SUJIMARX 

An intcratnal communication was found as a significant lesion in a total 
of 121 patients studied up to 1954 in the caidiac cathcteiization laboiatoiy of 
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the ilayo Clinic. Of these patients, 44 Avere considered to be examples of un¬ 
complicated atrial septal defect, 13 had associated pulmonary hypertension, 
6 had anomalous connection of one or more pulmonary veins, 6 had persistent 
common atrioventricular canals, and 2 had mitral valve disease. The hemody¬ 
namic data obtained from these 71 patients form the basis for this report. In 
the patients Avithout pulmonary hypertension the piilmonary blood Hoav Avas 
greatly increased (average 8.3 L./min./M.') due to the presence of left-to- 
right shunting of considerable degree. In a number of these patients it Avas 
demonstrated that of the blood shunted left to right, a greater proportion 
originated from the right lung than from the left lung. Small right-to-left 
shunts Avithout hemodynamic significance Avere shoAvn to exist frequently, and 
of the blood shunted right to left a greater proportion Avas of inferior caval 
than of superior caval origin. In these patients the systemic blood floAv Avas 
normal. The majority of patients Avith severe pulmonary hypertension had 
pulmonary and systemic floAvs of reduced magnitude. In 2 patients Avith 
seAmre pulmonary hypertension a large pulmonary blood floAV Avas calculated. 

Patients Avith anomalous connection of one or more pulmonary veins or 
Avith common atrioventricular canal may shorv the same fundamental circvrlatory 
disorder as patients Avith an atrial septal defect of the usual type. The 
frequency and practical importance of each of these lesioirs are compelling 
reasons that they be sought and diagnosed preoperatively. Highly suggestive 
evidence for each of these lesions may be obtained from critical analysis of the 
oxygen saturation of separate series of samples of blood draAvn from different 
locations in the right ventricle, right atrium and both venae cavae. Differences 
of some magnitude may exist betAveen samples draAvn at random from these 
sites, but considerable significance may be placed on a difference that is con¬ 
sistently demonstrated. 

A significant correlation Avas demonstrated betAVeen the pressure gradient 
across the pulmonary valve frequently found in these patients and the magnitude 
of the puhnonary blood flow. The gradient did not appear to be associated 
Avith a pathologically significant degi’ce of pulmonaiy stenosis. 
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THE EFFECT OF HEXAIMETHONIUJI UPON THE PULilONARY 
VASCULAR RESISTANCE IN jMITRAL STENOSIS 

Oscar J. Balchtoi, M.D., Ph.D.,* Goffredo Gensini, iLD./'*" and 
S. Gilbert Blount, Jr., 

Dena'er, Colo. 

N UjMEROUS investigations have been carried out in an effort to establish 
and delineate a neurogenic control of the pulmonary circulation in man.^’ - 
It has been postulated that thei'c are pulmonary “arterioles” -which have a 
sphincteric action and are under the control of the autonomic nervous system. 
Their constriction in various pathologic states has been stated to be a factor 
in the causation of pulmonary hjqiertension, and the extent that they partici¬ 
pate in the regulation of pulmonaiy arteriolar resistance®’ has been studied 
by the administration of various autonomic nervous system blocking agents. 
One such agent is hexamethonium chloride, which is a ganglionic blocking 
agent and in adequate doses presumably completely inhibits the action of both 
the sympathetic and parasympathetic neiwous systems.®’ ® 

The effect of hexamethonium in lowering the systemic blood pressure has 
been extensively studied.^ In addition, its action in patients with pulmonary 
hypertension has recently come under investigation. Its hypotensive action 
has been studied in patients with pulmonary emphysema, and in those with 
heart failure.®''® Some authors have come to the conclusion that hexametho¬ 
nium and similar ganglionic blocking agents have a relaxing effect upon the 
pulmonaiy arterioles,®’while othei-s believe that the lowering of the pulmo¬ 
nary artery and left atrial pressures can be explained by other mechanisms, 
such as the pooling of blood ui the systemic venous circuit and that no direct 
action of this drug upon the pulmonary vasculature need be postulated.'’ 

The following reiiort deals with the hemodynamic effects of hexametho¬ 
nium in patients vdth pulmonary hypertension, the majoi-ity of whom had 
mitral stenosis. The effects of this drug upon the pulmonary circulation have 
been studied both in the resting state and during exercise in order to deter¬ 
mine in greater detail its effect upon the pulmonary vascular resistance. 

JIETHODS AND JIATERIALS 

Piftcen patients -nith pulmonary hj pertension ivere studied by the usual cardiac 
catheterization technique and in the supine position. Thirteen had mitral stenosis, one 
had pulmonary hypertension of unknovn etiologi, and one had lupus er} tliematosus with 
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pulnioiiir^ hxpcrtcuiiou Iho cardiac output, bnchial arterj', pulmonarr artcrj, and pul 
monar} arter^ wedgo pre«:sures ^\ero dctormxncd at rc«t in all and during exercise in 14 
of tlio 15 patient'’ The patients Mere in a fasting state and •ucre allowed to rest upon the 
fliioro«cop\ table 15 nunutos before the •’tart of the procedure The bracliial a^te^^ needle 
nns then put in place and the pulnioimr\ arter} catheterizc 1, and the pres ures recorded 
Vu additional 10 minutes clnp«cd before the collection of the expired air and pulmonarv 
and brachial arter\ blood samples for the deltmnnation of the resting cardiac output 
Pulnlo^ar^ and brachial artery pressures were recorded at the middle and near the end of 
this 3 miiiuto period Ininicdiateh after (ormnintion of the expired air collection, the pul 
monnn arter\ pressure was recordel and the piilnionnrj* arter> wedge pre<i*ure (PAIIP) 
was measured The catheter tip was advanced as far out into the peripheral pulmonarv 
tree as possible, and wedged there ‘While recorling the PA'WP the catheter tip was with 
drawn into the pulmonarv arten This maneuver was repeated several times Vpproxi 
matoly 5 minutes later cxcrci«e was begun after taking control prc«‘’urc recorling" The 
warm up” period averaged minutes and ranged from 2 to 3 minute', during which time 
the patients pelalel at constant speed a bicvcle attached to the foot of the Ouoro’copv 
table The length of this period an 1 the rate of exercise varied with each patient accord 
ing to his exercise toleranrc V 3 minute expirel air collection was then taken for the 
determination of oxygen consumption Pulmonarv and brachial nrterj blood samples were 
drawn during the second minute Brachial and pulmonarv nrtcrv pres urts were recorded 
at Iminuto intervals during csercive A pulmonarv artery pressure was recorded and then 
immediately afterward the PVWP was measured, just after llio end of the expired air col 
lection while the patient was still exercising 

The patients wore then allowed to rest, and pressure recordings continue 1 at intervals 
until the pulmonarv artery pressure 1ml returned to the pre exercise resting level, which 
ttsaal/j otfcurmi x« 10 ta IS mtnates ffexamet/ioaium administration was started S to 10 
minutes later, after control pressures had been recorded This drug was administered via 
the cardiac catheter at the rate of 1 mg per minute for the first 30 minutes, the rate was 
doubled if no fall in systemic pressure had occurrcl, and if the patient was relatively in 
sensitive it was next given in doses of 5 mg per minute Pressures were measured at 
Iminuto intervals "When the pulmonary artorv pre«'nre remained for 4 to 5 minute* at 
the lowest level that could bo attained a resting cardiac output was determined and pres 
sure measurements recorded os above Heianicthonium administration was continued dur 
ing this period Five of these patients were then immediateh exercised, during which time 
pressure measurements were made, and tlio cardiac output determined as above TJie 'amc 
rate and length of time of exerci'c were employed m each instance as before hexametho 
mum had been given Plie amount of work done was estimated bv the amount of oxvgen 
consumed 

The average do«e of hexamethonium chloride given was 45 ing, anti ranged between 
15 and 75 mg Sido effects were few, and generallv consisted of slight blumng of vision, 
and nausea in a few instances Dizziness and a sharp drop in blood pressure occurred in 
ail patients upon sitting up 

The blood oxygen contents were measured by the Van Slyke and Neill technique The 
oxy gen and carbon dioxide of the expired air were determined by the Roughton Seholander 
method Pressures were recorded with Statham strain gauges and a Hathaway oscillograph 

DEFINITIONS 

1 The systemic or total peripheral resistance is the resistance offered to blood flow 
from the left ventricle 

_ Afean Brachial Arterv Pressure in mm Hg - 0 ^ 

Cardiac Output in c c /sec ’ 

2 Tlio total pulmonary resistance is defined ns being the resistance offered to blood 
flow from the right vontncle by the structures in the vascular pathway between the 
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Table I. HEiioDYNAMic Data op Fifteen Patients With Pulmonary 


Patient 

Age 

Con- 

Amount 

Hex. 

Admin. 

Brachial 

Art. Press, 
(mm. Hg) 

Pul. Art. 
Press. 

1 (mm. Hg) 

Pul. Cap. 
Press, 
(mm. 

Cardiac 

Index 

(L./min. 

Total 

Pul. 

Pul. 

Arterio¬ 

lar 

B.S.’* 

dition 

(mg.) 

1 s 1 

D 

1 M 1 

1 s 

1 D i 

M 

Hg) 

/M.2) 

Besist. 

Be.sist, 

1. B. J. 

Best 


112 

62 

79 

114 

58 

77 

— 

2.80 

1,545 

— 

19 1.43 

Hex. 

15 

58 

36 

43 

82 

61 

68 

— 

2.67 

1,425 

— 

3. .1.0. 

Best 


127 

73 

91 

50 

26 

34 

25 

2.60 

550 

146 

2G 1.93 

Hex. 

50 

87 

55 

66 

40 

22 

28 

19 

2.20 

541 

174 

3. .1. T. 

Best 


120 

55 

77 

85 

52 

63 

24 

3.40 

984 

610 

23 1.49 

Hex. 

100 

100 

45 

67 

66 

39 

48 

24 

3.10 

835 

418 

4. J.L. 

Best 


140 

81 

101 

85 

46 

59 

31 

2.53 

1,008 

479 

45 1.84 

Hex. 

55 

110 

67 

81 

63 

36 

49 

27 

2.68 

794 

350 

5. L. S. 

Best 


125 

70 

88 

82 

44 

57 

32 

3.00 

887 

342 

25 1.70 

Hex. 

50 

113 

68 

83 

62 

40 

47 

— 

3.30 

652 

— 

f). D. C. 

Best 


240 

117 

158 

108 

60 

76 

43 

2.49 

1,468 

638 

29 1.66 

Hex. 

20 

119 

7-i 

89 

72 

42 

52 

25 

2.51 

995 

517 

7. W. C. 

Best 


134 

65 

88 

71 

34 

46 

_ 

3.25 

546 

_ 

29 2.07 

Hex. 

00 

92 

56 

68 

44 

29 

34 

— 

2.25 

584 

— 

8. I.B. 

Best 


132 

82 

98 

55 

25 

35 

6 

2.49 

653 

541 

44 1.72 

Hex. 

25 

110 

71 

84 

25 

13 

17 

5 

2.58 

306 

217 

9. M. D. 

Best 


133 

73 

93 

51 

24 

33 

00 

2.03 

788 

265 

28 1.65 

Hex. 

40 

102 

61 

75 

39 

25 

30 

25 

2.70 

541 

90 

10. H.L. 

Be.st 


ISS 

102 

130 

126 

63 

84 

16 

4.36 

944 

180 

56 1.63 

Hex. 

50 

120 

76 

91 

80 

38 

52 

— 

3.64 

700 

— 

K. P. 

Best 


117 

75 

89 

94 

62 

73 

23 

1.89 

1,700 

1,167 

2 1.82 

Hex. 

25 

103 

76 

85 

80 

54 

63 

21 

1.73 

1,600 

1,067 

W. B. 

Best 


118 

64 

81 

106 

49 

68 

31 

2.90 

968 

527 

3 

Hex. 

30 

98 

58 

71 

54 

32 

39 

15 

2.80 

581 

358 

13. G. K. 

Best 


133 

78 

96 

40 

18 

29 

18 

1.79 

611 

231 

48 2.12 

Hex. 

50 

103 

73 

83 

31 

18 

22 

20 

2.68 

310 

17 

14. B. C. 

Best 


134 

77 

96 


22 

30 

25 

2.99 

424 

70 

34 1.89 

He.x. 

27 

100 

60 

73 

28 

17 

22 

20 

3.23 

287 

26 

15. J. S. 

Best 


108 

62 

77 

42 

17 

25 

22 

2.53 

471 

56 

28 1.89 

Hex. 

To 

100 

62 

75 

38 

21 

27 

16 

2.32 

551 

220 


♦B.S. = Body surface area in M.= 
fKg. m./min./M.- 

For key to abbreviations see footnote to Table II. 


pulmonary artery and the left ventricle, and includes the lesistanoo offered by pulmonary vas¬ 
culature and by the mitral valve. Total pulmonary resistance = 

Wean Pulmonary Arterj- Pressure in mm. Hg - O ^ ^ ^2^ 

Cardiac Output in c.c./see. ' 

3. The pulmonary arteriolar resistance is an estimation of the resistance to blood flow 
offered by' the entire pulmonary vasculature from the pulmonary artery' to the left atrium. 
The so-called “pulmonary' capillary'” or pulmonary' artery wedge pressure (PAWP) is in 
reality' a close approximation to the left atrial pres.sure, and not the pressure in the capil¬ 
laries of the lungs. The pressure gradient under con.sideration, therefore, exists between 
the pulmonary artery and the left atrium. Pulmonary arteriolar resistance = 

:^tean Pulmonary' Artery Pressure in mm. Hg - PAWP in mm. Hg ^ ^ .jgo 
Cardiac Output in e.c./sec. ’ 
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U\rHTVNSlOV VT UFST BfFOFJ ^SD \.mR Hf\A.MPTIIO\U 1M \.liVUM'^Tr\TtOS 


Total 1 
Penph ' 
Resist 1 

I 

1 Pulse ' 
Beits 1 
[(pirmin ) ' 

j 1 

Stroke I 
Index 1 
(o c /imn 1 
/Sf2) 1 

"W or\ 1 

R V 1 

(X\g m 1) 1 

3\orlv 

LV 1 
(iCg m !) 1 

Br Art l 
0, ' 
%) 

1 1 

Pul Art 

(‘’at, 

%) 

0 1 
Con 

sump ! 
(cc/ j 
mm) 1 

i Diagnosis 

1 oS4 

no 

25 5 

^6 

30 

93 1 

IGI 

1S6 

Mitral stenosis 

900 

115 

23 2 

2 5 

1 6 

82 7 

05 '1 

184 


1,472 

‘U 

28 0 

1 2 

32 

64 1 

07 7 

272 

Mitral stenosis 

1,27^ 

111 

168 

08 

20 

88 7 

60 0 

247 


1,200 

no 

37 8 

20 

36 

63 2 

66 5 

218 

Mitral stenosis 

1,165 

no 

34 5 

20 

21 

65 6 

68 5 

22() 


1,72*? 

65 

26 7 

20 

35 

60 2 

57 6 

282 

Mitral stenosis 

1 332 

125 

21 4 

1 8 

30 

87 6 

57 7 

273 


1,370 

82 

36 6 

23 

3 6 

66 0 

66 0 

240 

Mitral stenosis 

1,150 

120 

27 5 

21 

2 7 

90 2 

61 2 

26() 


3,052 

6b 

26 0 

26 

54 

81 7 

46 5 

247 

Mitral stenosis 

3,895 

73 

34 7 

18 

30 

76 0 

52 8 

203 


1,014 

ion 

32 5 

2 1 

39 

96 2 

70 6 

303 

iMitral stenosis 

1,167 

120 

18 8 

1 0 

21 

012 

00 5 

270 


1,380 

1,154 

83 

30 0 

1 2 

33 

00 6 

(.2 0 

226 

I upus 

110 

23 5 

06 

26 

05 1 

64 7 

240 

erj thomntosus 

2 JIS 

85 

23 6 

06 

26 

66 8 

04 5 

2^0 

Mitral stenosis 

1,350 

88 

30 7 

1 1 

28 

63 3 

CSO 

217 


1,460 

100 

no 

50 

7 7 

81 4 

07 () 

255 

Pul h\pcrtcn 

I,2’'! 

or 

376 

26 

45 

86 5 

70(1 

255 

Sion Unknown 
etiologj 

2,076 

84 

22 5 

19 

23 

• 8 5 

31 8 

216 

Mitral stenosis 

2,158 

112 

15 5 

1 5 

20 

84 5 

5’2 

230 


1,152 

lie 

25 0 

2 7 

32 

89 2 

60 7 

206 

Mitral stenosis 

1,057 

no 

25 5 

15 

27 

34 0 

54 3 

262 


2,020 


32 6 

07 

2 \ 

64 7 

07 1 

166 

Mitral stenosis 

1,168 

8S 

30 5 

08 

30 

6o3 

70 7 

2Rb 


1,337 

77 

38 8 

1 2 

36 

67 4 

72 4 

208 

Mitral stenosis 

957 

no 

29 4 

1 0 

32 

63 2 

71 1 

255 


1,448 

08 

H7 

06 

2 6 

61 7 

01 3 

24( 

“Mitral stenosis 

1 530 

82 

28 3 

0 8 

2 1 

02 4 

(.0 1 

241 



All resistances are expressed in absolute units (A U ) the dmiensions of A\hicli are 
d^ nes sec cm '» 

The significance of the changes in pressure, resistance, and blood flon nas evaluated 
stntisUcallj bj Stnilent's “t” test, as applied to the absolute \alues (^not the percentage 
changes) 

Ri-sui rs 

Resting State —The follotting hemodMiaimc changes occimed in 15 pa 
tients 

Pressuies A decicase in the biaclual aiteiy pressure occuiied in all pa 
tients (Tables I and II), and was statisticallj very significant 





Taulu II. jMi;AN Valuks in Tifteen Patient.s With Pulmonary Hyperten.sion at Pest 
Before and After Hexametiionium Administration 
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oxygen difference; 62 Consump. =: oxygen consumption. 
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The pulmoiiaij iittij piessuic tlocicascd in all instances, and the a^clago 
mean piilmonaij aitcij piessuie fell by appiOMuiatclj the same proportion 
as the average mean biachial aitcii picssuic This dccioasc ■\\as \cry sigmfi 
cant The mean pnlmoinn aiteij picssurc decreased to one half of the eon 
trol Ic^cl in Patient 8 (I B ) vith but a slight decrease in the sjstemic blood 
piessurc, but this ^\as the onh instance of such a maiked diflcrcntial dcciease 
A fe^\ patients wcie quite sonsituc to thclijpotcnsnc cflcet of hc\amethonium 
(Patients 1, G, and 8) IIo^\c^cl about 50 mg was ncccssai> to dcmonstiate a 
noticeable etlect in the nnjontx Othcis (Patients 3 and 15) showed but a 
sfight icaction to the admimstr ition of c\cu TT mg oi more of ficvamethonium 

The aMiagc “puimoinn tapillai\” (kft atiial) piessuic decicascd b> 
17 p(i rent in the 11 patients wbeic mcasuicmcut was possible nowe\ci this 
docieasc was baith significant (t = 2 05, p sligblly less than 0 05) In some 
instances tbeio was no (h ing( (Patients 3 and 8), oi a slight incicase (Patients 
9 and 13), but in the iuaiont\ a dccicast in the “pulmonaij capillarj *' pics 
suie (PAAVP) occuned 

Cardxac tndcr Time was no chuigc in the a\crage caidi.ic output a£t(i 
the ndmimstiation of Ut\amotbounim as compaicd to the contiol peiiod How 
c^cl in 2 patients (9, 13) theic was an incieasc in caidiac output, while the 
output dcci cased in Patients 7 and 10 

licmtuncc Tlio a\oiage svslcmic lesistancc (TPR) decicascd b> 21 pci 
cent following the administiatiou of hcxamcthonium The total pulmonaij 
lesistancc decicascd b\ appio\imatclj the same pcicentugc I^owc^cl, the 
piilmonai^\ aitciiolai lesistancc dccicased In 27 pei cent This dccicasc was 
baioh significant statisticalh (t =» 2 08, p slighth loss than 0 05) Thcie 
was no coiiclatiou lietwcen the extent of dccicasc in the pulmonaij aitcnolai 
lesistancc and the diop in total pulinonan icsistanec in the iclatueh small 
numhci of cases in this scues 

Pulse The a^ciagc hcait late ineicascd bj 15 per cent o\ci the eontiol 
level winch was significant statisticalh Because of the incieasc iii heart latc 
the avciagc stioUc index decicascd aftci hexamethomum admimstiation 

^Vo}L load The avoiage woik load of the right vcntiiclc decieased to a 
gicatei degicc than that of the left ■\eutiicle An incieasc in caidiae output 
and a doeieasc iii imlmonaiv aitci-j piessuic occiuicd in Patients 9 and 13 
while m Patient 15 thev both icmamed constant as compaied with the contiol 
lei els The x\oik oi the left i cnttiele decieased m ad pitients 

Blood qas coxitcufs and oxytfcn consumption There was no significant 
change in eithci the avciagc pidmonaiy aitennl blood oxjgen content or the 
A V oxjgen difference The avwage cxjgen consumption did not change fol 
lowing the administration of hcx.amcthonmm 

Summary * The administi ation of hexamethomum to these patients at i est 
and in the supine position i esultcd in a decrease in the mean brachial artery 
pressnie and an appioximately equal peicentage dcciease in the mean pnlmo 
naiy aiteiy picssmc (Tables I and II) The dccicasc in left atrial pressure 
was not significant The caidiac output lemamed constant The decrease in 
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Table III. Hemodyxasiic Data at Best and During Exercise, Both 


Patient 

Age 

B.S.* 

1 

1 

Dose 


Brachial I 

Art. Press. i 
(mm. Hg) 

Pul. Art. 

Press. 

(mm. Hg) 

Pul. Cap. 
Press. 

Cardiac 

Index 

(L./min./ 

Total Pul. 
Eesist. 

Hex. 

State 

1 s 1 

D 1 

M 1 

1 s 

1 » 1 

M 1 

(mm. Hg) 

M.2) 

(A.U.() 

IC. P. 

42 

1.82 

Control 

Best 

117 

75 

89 

94 

62 

73 


1.89 

1,700 

Ex. 

138 

87 

104 

134 

66 

95 

30 

2.38 

1,750 

Hex. 

Best 

103 

70 

85 

80 

54 

63 

21 

1.73 


25 mg. 

Ex. 

109 

77 

88 

109 

74 

86 

27 

2.25 

1,678 

W. B. 

• .33 

1.90 

Control 

Best 

118 

64 

81 

106 

49 

68 

31 

2.90 

968 

Ex. 

185 

85 

118 

106 

74 

103 

35 

3.90 


Hex. 

Best 

98 

58 

71 

54 

32 

39 

15 

2.80 

581 

30 mg. 

Ex. 

122 

73 

89 

127 

63 

84 

37 

3.30 

1,067 

6. R. 

Control 

Best 

133 

78 

96 

40 

18 

29 

18 

1.79 

611 

Ex. 

150 

92 

111 

86 

45 

59 

34 

3.27 

679 

2.12 

Hex. 

Best 


73 

S3 

31 

18 

22 

20 

2.68 



Ex. 

123 

80 

94 

63 

41 

48 

30 

2.20 

824 

B.C. 

34 

1.89 

Control 

Best 

134 

77 

96 

45 

22 

30 

25 

2.99 

424 

Ex. 


05 

120 


50 

66 


4.37 

639 

Hex. 

Best 

100 


73 

28 

17 

22 

20 

3.23 

287 

To mg. 

Ex. 


00 

73 

58 

33 

41 

34 

3.53 

492 

.1. S. 

28 

1.69 

Control 

Best 

108 

62 

77 

42 

17 

25 

22 

2.53 

471 

Ex. 

112 

60 

79 

82 

38 

53 

30 

3.55 

712 

Hex. 

Best 


62 

75 

38 

21 

27 

16 

2.32 

551 

75 mg. 

Ex. 

103 

|jlj| 

74 

55 

32 

40 

27 

3.28 

577 


'B.S. = Body surface area in jr,= 
tA.U. = Absolute units. 

tlO mg:, additional iiexamethonium g-iven before cardiac output determined during exercise. 
For key to abbreviations see footnote to Table II. 

tlie total peripheral resistance and total pulmonary resistance were of the 
same magnitncle. The percentage decrease in the pulmonary arteriolar re.sist- 
ance was somewhat greater. The pulse rate increased by 15 per cent. The 
work of the right and left ventricles was appreciably reduced. 

Exercise .—Five of the 15 patients were also studied during exercise both 
before and after the administration of hexaniethonium (Tables III and IV). 

Exercise prior to hexaniethonium administration resulted in an increase 
in the average mean brachial artery, pulmonary artery, and pulmonary capil¬ 
lary pressures. The cardiac output increased 42 per cent. The total peripheral 
resistance remained constant, but the total pulmonary and pulmonary arterio¬ 
lar resistances increased significantly in all 5 instances, the latter by a greater 
percentage than the former. The increase in the work of the right ventricle 
was almost double that of the left ventricle. 

The effect of exercise upon the circulation was altered following the ad¬ 
ministration of hexaniethonium. There was insignificant increase in the aver¬ 
age mean brachial artery pressure during exercise as compared to the resting 
state. The average mean pulmonary arteiy pi'cssure again increased markcdlj^ 
with exercise. The percentage increase in the average pulmonary capillary 
pressure over the resting level was greater following hexamethonium than be¬ 
fore it was given. The average cardiac output increased by only 14 per cent, 
























\ I mc^d 1 ri tc I 01 niA wii niOMUM in mitiui 103 

Nun Ixr 2 


IJfK)lV \M> V^T^r lUwMITllOSlUM Lutoi lUJ \HMIMST1 \TI«S 


I’nl 

\itoru)lnr 
IUm*'! 
(Al > 

total 
l’< npli 

(A 1 ) 

I'lll-. 

(l,t at**/ 
mils ) 

‘stroke 
Tn«U X 
(t < /linn 
/'!-) 

W i,rk It \ 
(IvKiii 
/imn /\r *) 

Worl LA 

(Kg til 
/nun /M ■') 

Krachuil 
\rt 0 

Sat 

I’lihiionar^ 
Art 0, 
bat 

0 

Lonsunip 
(c c /min ) 

l,lb7 

J07b 

S4 

22 5 

1 0 

2 3 

78 5 

51 8 

210 

1 ’00 

1,017 

lU 

21 2 

3 1 

34 

70 1 

41 1 

30. 

1 (H 7 

J,1 jS 

IIJ 

15 5 

1 5 

2 0 

S4 5 

53 2 

23(. 

1 nj 

1 717 

124 

1S2 

2 0 

2 7 

Sin 

41 1 

410 

'>17 

1 nj 

11b 

25 0 

2 7 

32 

S i 2 

107 

2i. 1 

7 01 

1,2« 7 

140 

27 S 

5 5 

b { 

01 7 

35 0 

700 

r)S 

1,0,7 

no 

25 5 

1 1 

2 7 

84 0 

54 3 

21.2 


1 lUi 

142 

2U 

58 


81. 7 

34 b 


^31 

J.OJO 

','3 

22 b 

07 

23 

04 7 

07 1 

109 

JSS 

1 ’OS 

oj 

15 2 

2 b 

4 U 

01 b 

42 5 

048 

2S 

1 IbS 

8S 

30 5 

OS 

3 0 

05 3 

70 7 

2bb 

100 

l.bU 

118 

JSb 

1 4 

2 8 

07 0 

4SG 

fJo 

70 

n,7 

77 

58 8 

1 2 

3 0 

074 

72 4 

2bS 

J52 

1 ini 

IK. 

57 7 

3 0 

7 1 

Ob 0 

37 7 

910 

2b 

OjT 


204 

10 

3 2 

012 

71 1 

25j 

S4 

875 

U7 

10 2 

2 0 

3 5 

04 0 


non 

•j() 

1 44S 

58 

43 7 

0 0 

2 0 

01 7 

Cl 3 

24 b 

■moduli 

1,0()0 

75 

474 

2 b 

38 

00 4 

41 1 

5(,0 

220 

i.no 

S’ 

28 8 

OR 

24 

02 4 

noi 

241 

18S 

1 ObS 

04 

54 0 

1 S 

5 4 

88 1 

44 0 

402 


■s\huli ^\a*' significnnth lesjj than bcfoie hoxnmcthonnim ^vas gncn The 
a^CJapo total pcnpheial lesistanco again icmamccl constant Theie ^^as still 
an appiccnhle and no^^ equal mcicasc in the a\epagc total pnlmonaij and 
pulmonaiy aitoiiolai lesistanccs dining cxeicisc folloiving he\mnethomum ad 
immstiation The poicuitage incicasc m the a^Clagc total pulmonaij lesist 
ance Mas gieatei than lieCoic hcxamcthonium Tins change Mas baiely sig 
nificant statistically Tlic a\ciage peicentagc incicase in the pulmonaiy aite 
nolai resistance Mas noM aliout the same as the a\eiagc peicentage incieaso 
in the total pulnionaij lesistancc The pulmonaij aiteiiolai lesistance, hoM 
c^c^, incitased in onlj 3 of the 5 instances, and this inciease Mas not statisti 
cally significant The inciease in the light \entiiculai MOik caused e\ci 
CISC Mas appreciable and Mas sc\cial times gieatci th in the inciease 111 the left 
lentnculai moiK 

The hemodjnamic data obtained duiing cseicise befoie hexamethonmm 
was gi\en can be compaicd to the findings after he\ainothonium admimstia 
tion (Table IV) The a^eiage absolute mean pressme le^els icached in the 
biachial arteij and pnlmonaij aitci> were less aftci gning this drug The 
left atiial picssiiic also Mas Iomci, but this change Mas not significant sta 
tistically Theie Mas a decreased caidiac output at the time of the gieatcst 
hexamethonium effect The total penpheial lesistaime lemained unchanged 
The aiciagc total pnlmonarj lesistancc did not dcciease ‘ind the dccicase in 
the pulmonau aiteiiolai icsistance Mas small Noithci of these tMo lattei 
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changes ■\^as significant statisticallj The light and left ^cntllcular work ont 
put decieased duiing cxcicisc following the adnunistiation of hexamethomiim 
h\ about the same amount (34 pei cent) 

Summmy: Pnoi to hcxamcthoniuni admimstiation, cxcicisc icsultod in 
slight incicase m the Inachial aitcij picssuic, and in a considciablc incicasc 
in the pulmonaij attcij and left atiial piessuios The caidiac output in 
creased by 42 poi cent The TPR icmaiucd constant but thcic ^\as a definite 
ineicasc in the total pulmonai\ icsistance (15 poi cent) and a grcatei incieasc 
in the pulmonaij aitciiolai itsistance (3G pci cent) 

Pxciciso aftci hexamethomum administiation caused an insignificant use 
in the biachnl aitcn picssuic mIicii compaied to this piessuic at icst iMtii 
hexamethomum Thcie was still a maikcd incicase in the pulmonaij aiteij 
and left atiial piessiucs The caidiac output inoicased onh slightlj (14 pei 
cent) The TPR icmaincd constant as befoie but thcic was still a considci i 
blc, and now equal, inciensc in the total pulmonan and piilmonaij aitciiolai 
lesistanccs (40 pci cent) The meieasc in the woik of the light \cntriclc was 
much gicatci than that of the left \cnliiclo, as it also was pnoi to hexametho 
mum idmimsti ation 


WSCUSSlON 

The administration of hexamethomum to these patients with pulmonaij 
Inpeitcnsioii while at icst and supine icsultcd in a dccicasc in the a^elage 
mem brachial and pulmonaij aitcu picssmcs that was appioximatcly equal 
(Table II) The caidiac output icmained constant, picsumably due in part to 
the slight incicase (15 pei cent) m hcait latc 

Two phjsiological incchamsms maj- ha\c been effectse in the lowering 
of the pulmonaij aiteij’’ piessuic These aic (1) a redistnbution of blood, 
with »a shift from the pulmonarj to the sjstcmic ciicuit, (2) the inhibition 
of pulmonaij “aitciiolai” ^asoconstiiction 

The dccicasc in pulmonaij aitcij piessuic may have been due in pait to 
a icdistnbution of blood with a shift fiom the pulmonaij to the sjstemic cir 
cult which lesultcd from the dccicasc in total peiipheral resistance effected bj 
hexamethomum That this could haac occuried has been demonstiated by 
Werko and associates" as well as by Samoff and his co woikeis The 
latter gioup stated that when the left atiial piessurc was high, the remo\al 
of only a small ^ olume of blood caused a striking deci case in pulmonarj’’ aiteij 
piessiue, and that peiipheial xasodilation and a systemic pooling of blood 
could account for this icsiilt 

EMdcnce suggesting that the decrease in pulmonaiy aiterj’’ pressuie also 
was eftccted in part by an inhibition of pulmonarj “arteiiolar” vasoconstnc 
tion bj' hexamethomum resulted fiom this study The peicentage decreases 
in total pulmonaij’’ and total pcnpheial lesistance wcie almost identical How 
c\er, the percentage decrease in the a\crage pulmonary “aitcnolar” lesist 
anco was gicatci (Table II), indicating that hexamethomum lesulted in pul 
monary “arteriolar” dilatation with a decrease in the piessnie giadient 
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betM'een the pulmonary artery and the left atrium. Thai the pulmonary va.so- 
dilatory re.sponse was not more striking might have been the rcsull oi‘ ])atlio- 
logic elianges in the piilmoiiary vasculature in mitral stenosis wltit'li are fre¬ 
quently present, and thus the response of these vessels might have been some¬ 
what impaired. It must also be considered that the autonomic nei'vous system 
might assume a more effective role in the causation of increased piilmonary 
arteriolar resistance onlj^ with higher levels of left atrial pressure, and before 
marked pathologic changes have taken place in the walls of the blood vessels 
of the hmgs. 

That pulmonary “arteriolar” A'asoconstrietion can be a major factor in 
the etiology of pulmonary hypertension and that hexamethonium does cause 
pulmonary “arteriolar” vasodilatation was suggested by the results obtained 
in Patient 8 (I. B.) who had lupus erythematosus. The administration of 
hexamethonium resulted in a decrease in the pulmonary arterial pressure of 
over 50 per cent, while the left atrial pressure and the cardiac output remained 
constant. The fall in systemic blood pressure was slight, minimizing the effect 
of any possible decrease in the pulmonary blood volume. This striking de- 
ci'ease in pulmonary arteriolar resistance suggested that the relatively small 
dose of hexamethonium (25 mg.) resulted in an effective inhibition of the auto¬ 
nomic nervous control of the blool vessels of the lungs in this patient with re¬ 
sultant pulmonary vasodilatation. A lung biopsy done soon after the first 
cardiac catheterization showed thickening of the alveolar septa by a moderate 
amoimt of fibrous tissue and an irregular thickening of the arteriolar walls 
with some hyalinization of the intima. Despite these pathologic changes, a 
comparable decrease in pulmonary arteriolar resistance occurred again after 
giving 25, mg. of hexamethonium at the time of a second study 6 weeks later. 

The decrease in the resistance of the pulmonary vasculature (pulmonary 
arteriolar resistance) following the administration of hexamethonium at rest 
.suggests that a decrease in the neurogenic arteriolar tone occurred. A de¬ 
crease in the pulmonary arteriolar resistance in patients with mitral stenosis 
has also been demonstrated by Fowler- and by Scott” employing tetraethyl 
ammonium chloride and by Judson and co-workers" using hexamethonium. 
The latter came to the final conclusion that hexamethonium causes changes in 
the pulmonary circulation secondary to its systemic effects. However, Hal- 
magjd"® attributed decreases in pulmonary vascular resistance in patients with 
mitral .stenosis and left heai-t failure to the inhibition of neurogenic A^asocon- 
strictor tone. 

The aA'erage cardiac output during exercise Avas less after hexamethonium 
administration than during exercise prior to giving this drug (Table IV). 
Therefore, although the systemic and pulmonary artery pressures had de¬ 
creased, the systemic, total pulmonaiy, and pulmonaiy arteriolar resistances 
Avere not significantly altered. A good portion of the small decrease in right 
vetAtricular Avork during exercise Avas also apparently due to the decreased 
cardiac output after hexamethonium administration. This finding Avould limit 
the usefulne.ss of this drug in chronic pulmonary hypertension." It .still is 
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^\oltU> of tiial i!i auUe piiliuoiiiiu h>pcitpnsion uhcii the patient is at icst 
aiul supine as in pulnionai\ enibolism ainl acul« pulmonaiy edema Undei 
these conditions the deeuase m total piilmonarj and pulmonaij artcnolai 
i(sistanc( ohscived after }ie\.miothonuiiu adnnnistiation uould he dcsiiahlc 

It IS appaicnt that the inueasc m piilmonaij aitciiolar resistance uitli 
oNcicisc IS not nuiiogdiiealK nudialed since it is aiipio\iniatcl.\ equal befou 
and aftci liexamcthomuni block Pnoi to gumg hcNamcthomiim, excicisc 
usultcd in an inciense of caidiac output of 42 per cent as coinpaied to that 
piosont duimg the icsting state Vollouing the admimstiation of this diug 
exeuisc icsultcd in onlj a 14 pei cent incieaso in the cardiac output {^cnous 
letuin) This iclatnc diLieasc in ^onous letuin during e\cicisc (Tables ITT 
and r\") Mas piesunnlilj due to the pooling of blood m the sjstcmic ciicuit'' 
Yet cxcicisc aftci hexamethomiim icsultcd in a consideiahle ele\ation of the 
cutiage puhuonan aitm and left atunl piessmcs m all 5 patients to a le^el 
compaiahlc to that picscnt duimg c\cicisc piioi to gning this ding Thcic 
foie, a consideiahle and almost equal ineicase in total pnlmonais and pul 
monan aiteuolai icsistanccs occuued The fncloi’s and mechanisms effect¬ 
ing this incicaso aic not cntiiclj dear It may be hypothesized that a shift¬ 
ing ot blood fiom the ])ulnionai\ to the sjstcime ciicuit had taken place in 
the lesting state aftci hexaiuethomiim had been gnen, resulting in a dcci cased 
eiOSS sectional aica of the pulmonary aascukai bed and pcihaps c^en a dc 
(lease in si/c of the left atiium'" Hcsistance to flo^^ may \an imcisch 
uith the level of picssnic due to larger aesscl diameters at highci picsaiins 
than at louci ones*'’ It might also be postulated that a “ciitical closing pics 
suic" CMsts foi the pulmoinry \essols so that, uhen the mean pulmonaiy 
aiteiy piessuic is loiveicd to a Ic\el ncai the left atrial piessuic a docieasc 
oecuis m the number of paiallel lasculai pathways thiough the lungs which 
aic peifuscd with blood Evidence in favoi of this hypothesis Ins been pie 
sented recently These mechanisms could have lesuUed in an incjeased re 
sistancc to the slight hut sudden incieasc in blood flow which ocenued duiing 
e\eicise aftci hcxamethonuim 

SUvrM\B\ VND CONCLUSIONS 

1 The administi itiou of hcxamcthomuiu chloiidc via caidiac Lathclci to 
15 patients with pulmoiian in pci tension at lest and supine lesulted in a lower 
mg of the hiachnl aiteiy, pulmonaiy aitci*y, and left atiial piessiiies, the 
caidiac output lemnined constant 

2 The pulmonaiv aitcnolai lesislaucc dccionscd to a gieatei extent than 
eithei the total pulinonan m total pciipheial lesistances, suggesting the in 
hibition of pulmoiniy iitdiolai nsoemistiiction by hoxamethoninm 

3 A second fsctoi which may line been cftectivc in loweiing the piilmo 
naiy aitonal piessuie was a shifting ot blood fioni the pulmonaiy to the 
systemic ciicuit as a lesult of the decieasc in the total pciiphcial lesistance 

4 The maikcd incicnse in pulmonaiy'' aitcry picssure dunng cxeicise 
aftei hexaniothomum admimstiation may be iclatcd to the decreased volume 
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and relative inelasticity of the pulmonary Amscnlar bed but also to a closure 
of vascular pathwaj^s in the lungs, resulting in a greater resistance. 

5. The decrease in cardiac output during exercise after hexamethonium 
administration as compared to the level before the giving of this drug woixld 
appear to limit its use in chronic pulmonary hj'^pertension. It might be worthy 
of trial in acixte pulmonary hypertension. 
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EVALUATION OP :^IECA:MVLA^riNE IN THE TEEATjMENT OF 
HVrEl^TENSION 


Pavl T. Cottilu, M.D John M. Wei.lkh, JE D., \nd 
SiDLEY "W. IIoonLER, Sc.D, jM.D. 

Axx Arbor, ificn. 

A lthough ganglionic blocking agents have a definite field oi usefulness 
in the managenicnt of patients having seveie hypcitension, their applica¬ 
tion has been limited bj* the side effects due to paiasympathetic blockade,' by 
their vaiiable absorption by tlic oial loutc,- and bj* the depicssing effect on 
gcncial uell-being vhieh is appaiciitly induced by their piiniaiy effect of 
producing an oithostatic blood piessurc icduction; the latter being chiefly 
dependent on a icduction in caidiac output.®' * The advent of mecamylamine, 
a ganglionic blocking agent uhich docs not ha\c the quatcrnaiy amine struc- 
tuic and ■which is totally absorbed by the oral loute, led ns to study this agent 
in order to evaluate its effectiveness, acceptability, and important side effects 
or complications, and to compaic its hemodynamic effects vith those of other 
clinically useful ganglionic blocking agents 

METHODS 

E\eo patient mIio rcmninetl on inccain^Jamino tJ)ernp> more tlian 3 niontlis has been 
inchiOeil in this There T\as n total of 31 patient*. Treatment vas u<«ubU\ instituted 

at a dosage of 2 5 nig. the fir-t day, 2 5 mg. tivicc on the «eeond day, and 2 5 mg 3 times 
on tJio third day. Gradual <lo«e increments ot 2 5 mg 2 or 3 times daily Mere guen during 
the follovring da>s or week* until the standing blood pre^'sure recorded in the clinic or 
by' the patient at home fell to J50/90 min. Hg or until the patient could not tolerate the 
side elTocts due to parasympathetic Idockade The total daily sustaining dose, which Mas 
readied 2 to 4 Mceks after starting thcrapi, usually ranged betMcen 10 and 00 mg, 
preferably dnidcd into 3 daily do*es The aaerngo daily dose \nned between 25 and 
30 mg 

SensitiMty to the depressor effects of the medication mbs essentially unpredictable 
Because it Mas seen in one splanchniecctomi^ed and in one uremic patient early iii tlie 
study, the starting dose was reduced m similar patients to 1 mg twice daily. Howe\er, 
in 4 of 7 sympathectoraized subjects the mamtenaiicc dose Mas less than the a\erage; 
in 3 of the 4 azotemic subjects (NPN 45 to 60 mg per cent) the daily dose exceeded the 
a\erage 

Home blood pressures were taken in the standing position before the SAM and 6 
I’M dose of medication No otlier hypotensive agent Mas u^ed The patients Mere nmbu 

From the Department of Internal Medicine University of Michigan Medical School, Ann 
Arbor, Michigan 

Read by title at the meeting of the Central Socictj for Clinical Research October, 1955 
Supported in part by grant H 1715 from the National Heart Institute. National Insti¬ 
tutes of Health Department of Health. Education and tVelfare 

Wo are indebted to John R Beem MD. Merck Sharp Dohme Vhision ot Merck i 
Co, Inc, for the supply of mecamylamine (Imersine) used m this study 
Recened for publication Jan 21, 1957 

•Present address Medirinische Pollklinlk Universitv of Berne, Berne, Switzerland 
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latory and ranged in ago from 26 to 56. Treatment witli mecamylaniine was not instituted 
unless tlio diastolic blood jucs.sure as determined in the clinic after 30 minutes’ rest was higher 
than ItO mm. Ilg. Only 3 patients had pretreatmeut systolic pressures below 200 mm. Ilg. 

RESULT.S 

Effect on Standing Blood Pressure. —Fig. 1 presents the response of the 
standing blood pressure to ineeamylamine administration. The individual 
lilood pressure means of the first 2 weeks of treatment were chosen because 
the number of readings prior to treatment was not sufficient in all cases for 
purposes of comparison. Each mean was calculated by averaging the daily 
morning and evening blood pressure values recorded at home. It can he seen 
that 50 per cent of the patients exhibited a significant drop of the standing 
blood pressure. Pig. 2 shows the distribution of the blood pressure response 
during therapy in 20 patients having complete home records throughout the 



Fig- 1.—Tlie mean values of standing blood pressure during tlie Brst 2 weeks of therapy 
are plotted against those during the last 2 weeks of therapy for each patient. The horizontal 
interrupted line represents an arbitrary upper limit of mean normal pre.ssure on the scale 
of the last 2 weeks of therapy. Points lying on the diagonal heavy line represent no change 
in mean blood pressure, above the line an increase, and below the line a decrease with 
therapy. Points below the thin diagonal line represent reductions of mean standing blood 
pressure in excess of 20 mm. Hg. 

3 months of observation. The classifications of response to therapy were done 
for each individual and for each week separately. Using this method of 
evaluation, some individuals changed their degree of response from one week 
to the other. 

It is evident from Fig. 2 that the number of individuals showing good 
and fair responses increased during the first 4 weeks from 35 to 59 per cent. 
This increment grossly paralleled the increase of the mean ineeamylamine 
dose. AYith a relatively constant mean maintenance dose ranging from 164 
to 172 mg. per week, the per cent of individuals having fair and good responses 
fluctuated between 59 and 68 per cent between the fifth and eighth weeks. 
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The per cent showing a good response dining this period ranged l)eU\een IS 
and The decrease in this per cent having fair and good responses to 44 
dining the ninth and tenth weeks of treatment is haidl\ significant. The 
mean ^\eekly dose had to he gradually incieased to 200 mg. in the twelfth 
week in order to reach the previous peieentago of good and fair lesponses 
Fig. 2 also demonstrates that a fair or good i espouse had occurred in 
some patients during the first 2 weeks of Iheiapy. Theiefore, the blood pres¬ 
sure means of the first 2 necks, which w'ere compared in Fig. 1 with the blood 
pressure means of a later stage of tieatment. are not tiiio controls as there 
has already been some low’eiing of the blood piessnie at this time. Utilizing 
these ciitena ieduces the number showing good and fair responses After 



Fig 2—Tlie per cent of patients 8ho%\»n{; a fall in standing blood pressure (below) 
and the mean (lo«e of niecamjlamlne H<imini«!tcred each week durini? therapy (above) ■ 
represents a cood re«pon«e with the standlnc blood pressure below 150/90 mm Hg \~\ rep- 
i*sents a fair response with the fall m the mean stamlin^ blood pressure being greater 
than 20 per cent of the mean control pressure but the levels being above 150/90 mm Ilg 
□ represents less than 20 per cent reduction from the mean control value 

the filst 4 weeks of therapy the incidence of good or fair lesponses was not 
related to the dosage of mecamylaminc This may have been in part the lesult 
of inability to increase dosage in .some individuals because of side effects 

More careful analysis of appaicnt “failuies” indicates that many are a 
lesiilt of the criteria used In some of the 9 cases in Fig 1 having the pooiest 
lesults, other eonsideiations enteied into the failure to leduce the standing 
blood pressure In 3 cases theie w'ere no home blood pressure records For 
evample, in the case of D Ro a small dose of 4 5 mg. per day w'as given and 
appealed effective in reducing the mean blood piessure in the clinic from 145 
to 117. Subseciuently the clinic blood piessuie lose to 130, 151, and 148, but 
the dose was not incieased bee.uiso t»f the (omplaint of oithostatic dizziness 
at home. In 3 eases use of the blood pressuie dining the fiist week of therapy 
nsulted in “contiol” readings whiih alieadj icfieeted thciapeutic effect. For 
example, J Ai was admitted to the hospital because of appaient focal en- 
cephalopathic episodes and lespondcd immediately to 5 mg daily His “con- 
tiol” blood picssuie foi the fiist 2 weeks was 122. 'When the cause of his 
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oneephalopatliy was found to be unrelated to hypertension, a final treatment 
blood pressure of 138/100 (119 mean) was considered satisfactory, this being 
a 50 mm. systolic decrement from the recumbent level. There were 3 clear 
failures; In one drug induced reductions in pressure caused chest pain; one 
patient Avas miserable from gastrointestinal side effects; and in the last pa¬ 
tient blood pressure Avas so Amriable that sympathectomy Avas recommended. 

Perhaps the degree of blood pressure control achicAmd can best be demon¬ 
strated by the effect of drug AvithdraAval. Eight patients under satisfactory 
control Avere asked to A\dthhold treatment for a period of 1 to 2 Aveeks. Table 
I presents these observations. It may be seen that a significant depressor 
effect Avas CAudent in all cases and that the effective dosage had not greatly 
changed Avhen control Avas re-established. This indicates lack of tolerance to 
the medication, since in comparable experiments Avith quaternary blocking 
agents a considerable sensithfity to this dosage Avould haA'e been manifest after 
such a period of time off therapy. 


Table I. Effect of Tf-eatment AVithdraaa'al on Standing Blood Pkessure 


PATIENT 

STANDING BLOOD PRESSURE (MM. Hg) 
RELATED TO TREATMENT 'VVITHDRA'WAL 

DRUG DOSE 
(MG. PER DAT) 

1 BEFORE 1 

DURING 

1 AFTER 1 

BEFORE 1 

AFTER 

D.AV. 

144/ 98 

166/122 

146/106 

60 

60 

A.C. 

140/104* 

201/143* 

164/128 

50 

50 

W. S. 

166/118 

215/158 

132/ 98 

75 

60 

E.B. 

120/ 85* 

180/132* 

100/ 70* 

30 

35 

L. M. 

128/ 90 

205/134 

152/ 94 

45 

36 

P.R. 

125/ 98 

250/160 

150/115 

67 

75 

L.T. 


178/128 

179/ 95 

60 

60 

L. W. 

148/ 92 

170/130 

— 

30 

- 


•Indicates liome blood pressure. All readings otherwise represent the average of one or 
two casual readings in the clinic on the final day of the period indicated. 


Effect on Beciimhent Blood Pressure .—Except for one patient among the 
31 studied, the effect of mecamylamine on the recumbent blood pressure Avas 
negligible. 

Discrepancy Between Home and Office Blood Pressure Readings. —^It Avas 
of intere.st to compare home and office readings for 25 patients. The mean of 
the standing blood pressure A'alues recorded the day prior to the clinic Ausit 
Avas compared Avith the mean clinic standing blood pressure. In 4 instances 
the home readings significantly exceeded the office readings. In 8 cases the 
clinic A'alues Avere significantly higher than the home A'alues and in 13 eases 
home and office readings did not differ. The reliability of the patient’s blood 
pressure readings Avas tested by a nurse A\dth the patient taking the blood 
pressure at the same time and under identical conditions. These shoAved a 
satisfactory correspondence. These data confirm the validity of utilizing 
blood pressure recordings taken in the home in the management of patients 
liaA-ing hypertension.-'’’' ® 

Effects on Renal Function .—^Inulin and para-aminohippurate clearance 
studies Avdth an indAvelling bladder catheter AA'ere performed in the morning on 
patients in the recumbent position. Three Aveeks prior to the clearance the 
patients Avere placed on a low salt intake, consisting of a diet to Avhich no 




\olono0 JIECMnLmi>,t 111 IRLVTMENT OF IIIPERTENSION 203 

Number 2 

Silt ^\as added at the table oi in the lutchon Two ^'lams ol sodium chloiide 
WGic added to this icgimc d iih b} the patient Tlic data picsented aic the 
mean of 3 pciiods, each with a length of fifteen minutes (Table II) It will 
bo seen that, in gcncial, ticatmcnt slightlj dcueased filtiation fiactioii, paia 
aimnohippuiate and inulm clcaiancc m about half of the indniduals studied 
Usually such changes wcic associated with a decrease in mine flow and in 
sodium and chloiidc clcniantt, but no distinct change in potassium cxciction 
Ol nonpiotein nitiogcn 

These changes wcie then and\/cd with icspcct to the sulccss of anti- 
hjpcitonsnc thciapy in the inttnal between the two tests Thiec patients 
(W L , T L and S 'W ) whose home standing blood picssmes did not change 
significantly showed a dccicase in glomciiilai filtiation latc langing fiom 21 
to 24 pel cent Thicc patients (C A, K E, and M L ) ha\ing a maiked diop 
of standing blood piessuic foi a inolongcd penod of time showed no change 
in loinl plasma flow The glomciidai filtiation latc decieascd in two patients 
and lemaincd nnehanged in one It is mtticsting to note that these patients 
who had a significant losponse to thciapy had impanmcnt of then renal fiinc 
tion puoi to ticatmcnt 

JJffccts on Cauhdc Output and Caidiac Status —Symptoms of left aeu 
tuculai faihuc, which occuiicd in 8 of the 31 patients, wcic relie\ed during 
the peuod of study Angina pectoiis became woisc in 4 and disappeared in 
1 induidual In our fuithoi experience to date with 80 patients ticatcd foi 
aaiiablc poiiods of time mecamylaminc did not appeal to reduce the incidcneo 
of angina or myocaulial infaiction Indeed in one patient whose standing 
blood piessuic dioppcd to noimal \alucs dming tioatment with mecamyl 
amine, an antcroscptal myocaulial infaiction occmicd In one othci case a 
lethal myocaulial infaiction occurred one week nftoi the Iiypotensne theiapy 
was stopped A thud patient exhibited clcctiocaidiogiaphic changes in the 
couisc of theiapy which wore suggestne of a siibcndocaidial infaiction In 
a fouith patient W ) similai clcctiocaidiogiaphic elnnges appealed aftei 

4 days of thciapy On the basis of these data, it cannot be decided whethei 
this iclatncly high incidence of niyocnidnl infaiction (5 pei cent) seen in 
the total numbei of treated patients (80) is coincidence oi w hethci mecamyl 
amine did moie m piomoting coronaiy occlusion than would any hypotensive 
agent 

The lesser fiequency of exticmc weakness and fatigue with this drug sug¬ 
gested that pel haps it did not decrease caidiac output as othei ganglionic 
blocking agents have been shown to do® ^ Accoidmgly, tluough use of the 
tiaccis ladioactne lodiiiatcd seium albumin, oi fliioicscein, cudiac output 
and stioke volumes weic measined in the sitting position before and during 
theiapy with mecamylamme in 3 individuals One patient v\ho leceived an 
effective dose of GO mg on the second and thud days shov\ed a inaiked de 
ciease (45 per cent) of the caidiac output on the thud day Howevei, the 
high initial caidiac output in this patient was perhaps the icsult of anxiety 
and the subsequent i eduction might not be cntiicly attributable to drug 
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lliciain Two otiior piticnts icceutd siimllci dosts ind then sitting blood 
])ussiuos IS well ns thou (.ndiic oiifpiits on the spiiulli niid (iglitli dnis, 
uspcctn (li, of limit incut did not i h ingp sigiiifie inth 

luffed on lUood Coaqulatwn —IJetiiust of tin occiiiiciice of coioiiaij 
tliioiiibosis dining tlici ipj a stiuh of blood coagulation factois was nndci 
taken Studies of piotbioiiibin time, fibiniogen, and factois V and VII ic 
lealcd no ebanges in 5 patients studied oiei a period up to 8 months in dun 
lion ■ 

IJfffct on A’limbci of 11 fnfe Blood Cclh and Hcmoqlolnn Concentration —■ 
Tbete wcie no iltintions found oiei a tieatment nitenal of 2 to 4 inontbs 
in 10 patnnts studied 

Hide effects and CoinpUcotwns of Treotment —The usual effects of psia 
sMiipitbctic blockade weio obsened (bluiiid MSion, drjncss of the moiitli, 
eonstipatioii, and niipoteiiee) in most patients who icecned an cffecliic dose 
C'onstipitioii was the most piomiiient side effect Patients who bad been on 
cbloiisoiidannue often noted fewei ocnlai SMiiptoins when then blood pics 
siiic bad been i educed to c<iimalcnt Iciels b\ niceaiinlnminc The mnioiitj 
of piticnts 10)101 ted fewei attacks of di//iness oi weakness than when taking 
ptntoliiiniin Constipation, dii month and impotence wcie ns ficqitontlj 
noted with mccannlaniinc as with otbei ganglioplegic dings 

Ton of the patients complniiicd of some loss of mnsctilnr strength One 
patient developed ileus and volvulus while on a small therapeutic dose of 
5 mg daily An tninsnal side clTcct noted bj 2 jiatients was e\treme chilliness 
associated with a trcmoi A confused mental st.atc developed in 2 individuals 
Such piodiictioii of tiemoi and mental confusion has been noticed as well bj 
otbeis This is sometimes related to impiiied lenal function, althougb as 
noted above vve b.ave tioated 4 cbronicallj arotemic individuals without dif 
ficultj In all instances the effects have cleaicd on withdiawing theiapj In 
Table III aie siimmaiized the side effects among the piesent consociitivc sciies 
and in our subsequent expeiioiice to date (80 cases in all) 

Effects on the Retinal and Cerchral Ciicidation —In a few patients ficsli 
letinal bemoiihagcs and exudates .aiipcaicd to clcai dining piolonged theiapv 
with iiiecamjkaminc Ceiebrovascular eiiisodes have not recuired dining the 
fiO patient months of tieatment in 5 subjects who befoie treatment had had a 
ceiehrov asculai accident Unpublished obseivations® would indicate that 30 
pel cent of the hjpertcnsivc patients suffering one focal neuiologie episode 
will have a recurrence within 5 years Oui experience is theiefore, made 
quate to diaw satisfactoiy eonelusions conceining the prevention of this com 
plication 

DISCUSSION 

Mccamylamine has proved to be a useful ganglionic blocking diug foi 
the management of severe hjpertension The frequency of oithostatio blood 
pressure ieduction achieved in this senes of 31 patients ovei a 3 month intei 
val IS compaiable to that obseived with quateinarj blocking agents Tvventj 
three pci cent of the patients showed .i good blood pressure response then 
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Tablk ITT. Kfasons ion AnviRixc C^s&ATIO^’ of camylamixf TnniM'y 






ONAI’CLlTAItl L SIDE I'HM’IS 

CASE 

INITIALS 

TREATMENT ; 
urnATioK 

TOTAL 

DAILY 

DOSE 

(MG.) 

IX. 

1 TIIACTAHLE 
01 SIDE 

1 LFFFrTS 

oTiii i: CAiLsrs 

1. E.ia 

2 mo. 

20 


AKo liad !iilc(|uatc control on reserpine 
alone 

2. :m. Cl. 

2 mo. 

40 

Yes 

Poor Idood pre--uro rc-ponsc 

3. C.Ro. 

4 mo. 

30 

Yes 

Poor Idood pr("'-nre control 

4. at. To. 

4 mo. 

2.1 

Yes 

Poor Idood i)if“-siirc control 

o. K. La. 

3 mo. 

30 

Yes 

Poor Idood prc=‘>iirc control 

0. F. Ro.* 

2 mo. 

G 

Yes 

Incrcii'-cd anj,dna .at f-anip blood pro'-- 
‘.lire reduction a“ ncliievcd by otlier 
"iingbon blocl.ers 

7. C.Br. 

5 mo. 

4,1 

Yes 

Coii'.tant anterior idie-t pain. Poor blood 
pre'-<orc control 

8. E. Tu. 

11 mo. 

30 

Ye« 


9. M. Bu. 

2 (lays 

2.3 

Yes 

GOjoaredd voman .suddenly deielopcd a 
liiarked ileu«; at opc'ration volvulu*- 
found 

to. F. Fa.* 

3 days 

5 


OiebroMi^cular epi‘-nilc on third day 

11. J. Vo. 

3 mo. 

IS 


aralij:nanl hypertension aith rapid ter¬ 
minal a/otemia 

d 

cl 

r-l 

2 mo. 

33 

Yes 

AKo itching, sore c>clid.<-, “jitter.s,” atid 
d\‘.pnea. recurrent uhen drug re- 
‘.{arted 

13. P.Bii. 

1 mo. 

33 


“.littery,'’ gross tremor, memory lo's, 
and confusion 

14. G.Re.* 

7 days 

3 9 


Early uremic symptoms. NPN 113. Af¬ 
ter 3 da\s inegular tieatmenl patient 
derelopeil confusion, aphasia, increased 
motor activity, and orthopnea. AVhen 
treatment stopped, he lapsed into ure¬ 
mic .stupor 


Above cases rcpicfeont all instance^ ftinonp the la^^t 80 patient*, place*! on !n(*carn> laininc 
treatment in which it has seemed advisable to the clinic physician to omit tlie duiR. 

•Indicates coexistence of moderately elevated nonprotein nit! open 


standing blood pressures falling to normal levels. Thirly-tlireo ]U'r eent ex¬ 
hibited a fair re.sponse, Avbile in 44 per cent there was an nnsatisfactoiy re¬ 
sponse. Seven patients had had splanehniccctomies prior to treatment and in 
4 eases their maintenance do.ses were less lhaii the average. That .sympathec¬ 
tomy sensitizes the patient to ganglionic blocking agents has been demon¬ 
strated in the case of tetraethyl ammonium responses.® 

Each patient must find that dose which effectively lowers his standing 
blood pressure. Standing blood pressures taken before breakfast and supper 
are fairlj’ representative of the total diurnal efi’eet. Readings at these times 
permit adjustment of individual doses to secure better morning or evening 
blood pressure control. When dizziness or fatigue at noontime is reported, 
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blood jncssiiK should be (li((lv(d suite usuiillji it is louci «it this time than in 
the oNoninpr IMidu ition should be laktii at im.illimo .ind mere ised bj 2 5 
iiif' incicmcnls iki;, second <u thud d«> until the .i\eiay:(* standm^^ blood 
piessine i caches noimal i allies oi side clTects make fuithei inciease impos 
sible 

Although the effeed on iccumbent blood picssine is lugligiblc, definite 
eaidiac and letinal impiOAcinenl has occuiied in some patients Reml cii 
eulation is unlmplo^ed oi luaj be coiisideiabh lediieed in the upught po 
sitiond" and caidiic output appeals to be loduicd as with othd ganglionic 
blocking agents Coicoiaii and Pngc‘‘ lia\e shown th it lenal plasma flow ina> 
impio\e onh aftei joais o£ tbeiap> with lie\imethoiiium so that tiansient 
lediietions of icnal plasma fiow in the eaih stage of ticatment should not 
discouiage one fiom using a ganglionic hlotkti One should make suie that 
the functional lenal icsenc is sufficient to stand tiansient ieductions of lenal 
blood flow Repeated cheeking of the nonpiotem nitiogcn oi blood iiiea 
nitiogcn IS a noeessitj in eases with a70teinn 

Although the relatnch high ineidenee of eoionaij thiombosis may be 
coincidental, it is pcitment to sticss the inipoitame of this complication In 
othci scuos tins condition has not incieised with effcitive theiapi Pa 
tionts haMiig sufieiod .i m^oeaidial infai(tion oi Inning signs of eolona^^ 
insufficionc> should be licatcd leiy (aiefiilJj witli ganglionic blocking agents 
and inaikcd falls of then standing blood piessuies must bo ^^ 0 Klcd 

Side effects weie compaiablc to those with qintcinaiy ammonium com 
pounds ‘Weakness appealed to he a loss fiequont complaint with mecam\I 
amine than with othei ganglionic blocking agents Constipating effects weie 
similar to those following othci ganglionic blocking diugs but since nbsorp 
tion IS lelatnelj complete, ^allatlOIl in bowel inotilitj does not affect the 
amount absoibed This is a fuitliei ad\nntagc of this diug Visual effects 
weie possiblj less maiked with mccamilamine Di> mouth and impotence 
weie about as frequent as with quateinaij blocking dings Toleinnee ap 
peaicd to be negligible These ohsonations aio m goncial ngieenient with 
those of otheis imestigating this foim ot tliciapy 

SUMM \Il\ 

1 The status ot 31 consecutnc InTieitensnc patients tiented as outps 
tients with mecamjlamiiie and followed foi ovoi 3 months was examined A 
daily lecoul of standing blood picssuie showed a significant drop m o\cr 50 
percent Appioximatelj one third showed noinnl daih standing blood pies 
sures In approximately 20 per cent medication had to be discontinued be 
cause of distiessmg side effects 

2 Chiome administration of the drug piodiKcd only a slight reduction 
in renal plasma flow, glomernlai filtration rate, and in sodium cleaiance in 
about half the eases 

3 In 2 cases m which there was little change m the sitting blood pressure 
cardiac output was unaltered In a thud instance a leduction in caidiac out 
put occur red concomitant with a pronounced fall m sitting blood pressure 



Tabi.e I. Effects of I.il. ACTil Gei. is 5 NoRJt.vi. Subjects (i[RAKS ± S.D.) 
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of ticatmcut and icmamcd at that platccui loi the G da^s of the ACTII admin 
istiation Theie ^^ele uicicascs in the clcatanccs of both cicatinine and pep 
sinosen in all the sub]ects in ^^hmn these mcasiuenients ^\elc made The 
thangts 111 cieatininc cleaiance A\eic auounted foi In changes m lioth the 
minan and plasma cecatmmo, 1111110 the incicnses m pepsinogen cleaiances 
wcio almost ontircli clue to changes in the iinnai> pepsinogen (sec Fig 2) 
The mean iallies in these 5 subieils foi the basal output of gastiic pepsin be- 
foio, dunng, and aftei ACTH (Table 1) indicate the i suable effects of ACTII 
on gastiie pepsin and the indcpoiulentlj laiiablc changes in plasma pepsin 
ogcii concoutiation These eontiast i\ith the iniauahlc steep mciesses ui 
iiiinai} pepsinogen exciction duo to ACTII Fig 1 shows, futtheunoie, that 
tlicic was little if am diuct comlation hdwicn simultaneous mcasmtmciils 
ot gastiK pepsin and uiiuaij pepsinogen 
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• XX 
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URINE PEPSINOGEN PU ^HOUR 

—Scatter ai^jfrim ‘iliowlnj, poor correlcUlon between Kastric pepsin seercOon and 
slmuUnncous «rlnar> pep'^lnoKen excretion 


Fig 2 shows the con elation between the lei el of plasma pepsinogen and 
tlie pepsinogen m the urine in the control and ACTII samples in these e\peii 
nients, and includes 29 samples fiom 6 patients with jicptic ulccintion, 2 of 
whom haie been leported clsewhcic^ ’ The mean cleaiance of pepsinogen 
in the eontiol periods in noimals was 44 ± 14 htcis in 24 horns, m the ulcci 
subjects, 36 ± 19 liters pei 24 hours, and in noinial siibtects under the influence 
of ACTH, G5 ± 29 htcis pei 24 houis, a IcicI significantly highci at the 1 pci 
cent lei el than eithci the lei els in the contiol pennds oi in the ulcei subjects 
The inciOTSc in pepsinogen cicaiancc as stated nlmie resulted fiom incieases 
111 unno pepsinogen with little change in jdasm i jiojisinogon 

Siinullnmous measiuemints ol pepsinogen and eieatinino elcanncos woic 
obtained in the contiol pciiods ol all the suhiects, but m onli 3 suliiects dining 
and aftci ACTII administration, and in one subiect (Fig 3, labeled “abnormal 



212 


IIIHSCIIOWITZ AXJ) stkep:tkx 


J. Lali. & Clin. Mnl. 
Anpu't, 1957 


patient”) during a .seeo7id ACTII study 3 inontlis after the first, wlien tlici-o 
had been a marked decline in the clearances of both pepsinogen and creatinine. 
The correlation of the clcarants's of these 2 .substances is shown in Fig. ,1 as 



Fijr 2.—Illustration of the different mechanisms resiwnslble for the incrensod in Inary itopsino- 
pron excretion in ihcer patients and In normals driven ACTU. 



Fig. 3,—Relation between creatinine clearances (GFR) and pepsinopen clearances before and 

durlnp ACTU administration. 


being somewhat better during ACTH administration than in the control 
periods, hut both these and the over-all correlation (r — t- 0.6S) are significant 
at the 1 per cent level. 


DISCUSSION 

The determination of the renal clearance of any substance requires accurate 
measurement of the same substance in the blood as in the urine, Jlorcovcr, 
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\Mtli am CNtcmIed peiiocl of mine collection, tlic cicaiancc can onlj be ^aIld if 
th( ))lood l(\el IS dotcumntd at fitqiuiit iutei\als oi alteinatnclj a single 
blond k*\cl is adequate il tiuio is no \aiiatum of anj significance m the ])lood 
kill duiing the pound of mine collection 

To eoniph i\ith sneb icqmieintnts Jii ineasiiniig endogenous pepsinogen 
clcaiaiKcs the following facts appeal to \alulatc the method «as einplo-\cd in 
this imcstigation Tnst, the piotcohtic en/jmes actnc at pll 1 5 to 2 5 in 
the blood and nunc aic incasmcd bj the same technique and aic considcicd 
to 1)0 onlj pepsinogen ' Second, the blood le\cl of pipsinogon has been shown 
to lomain constant thioughout the da% and fiom da> to daj, nicspcctnc of 
food intake, dutaij composition acti\it 5 , oi sleep,” nith a eoelTicicnt of 
laiiation dming the daj of S pei tent” In a gioup of 13 noimnl subjects 
studied us, and lopoited clsewhcu,* the coefficient of ^allatlon of the mean 
plasma iiepsinogcn concentiations in samples collected eicij 2 homs for 13 
horns uas 7 pei cent In a siimlai gioiip of 13 subjects iccLiMiig 25 units 
ACTII intiasenoush foi 8 of the H houis, the coefficient of saiiatiou %vas 0 
pci cent 

Theie aic alwajs objections to the use of cndogcnoiislj pioduced sub 
stances such ns pepsinogen and oioatinine foi clcniance mcasmcnicnts, since 
then somce of pioduction mnj he intUunced \n the conditions imposed to altci 
then cleaiaiue IIowcioi, since tins sUul.\ uns designed to determine the 
causes foi an incicnse in unnaij pepsinogen oecmiing mtmally, the en¬ 
dogenous substance had to be cmplojcd 

The inci cased oxcretion of minaij pepsinogen found in the majority of 
patients uith pjloiic oi duodenal ulccis* diffcis in one impoitnnt icspoct 
fiom the nicicasod output pioduced In ACTII oi hjdioeortisone,® mz , that 
in the foimci instance it icsults fiom an clciated plasma pepsinogen lei el, 
uhile in the lattei the plasma Iciels aie noiiiial 

In the usual ulcer subject lucrcnscs in plasma and urmaij pepsinogen 
piobablj icflect an inciease in peptic cell mass-' uhich appeals to be a func 
tion of the dmation of the disease * On the othei hand, an inciease m plasma 
pepsinogen may occm in ulcei subjects as a icsiilt of icicisal of the pepsino 
gen secretion gradient, uheie a stuKing decline of pepsin secietion mfo the 
stomach is accompanied bv a gieat inciease of the amount of the pioonzjmc 
entering the cii dilation This phenomenon was obsciied in the healing stages 
and for some consideiablc tune aftci healing of steioid induced peptic nlceia- 
tion in 2 subjects leported elseuheic' ^ 

Whatci er the causes of an elc\ ated plasma pepsinogen, the result is an 
inci eased pepsinogen load on the kidney which, uith a fixed, normal clearance 
rate, lesnlts in an incicased amount of pepsinogen excreted into the mine 
With ACTII and h>diocortisone, houeiei, uheio the plasma pepsinogen leiels 
remain noimal, the opposite icason exists foi an increase of pepsinogen in the 
m me, mz , an inci eased renal clcai ance of pepsinogen 

The cause oi causes of this inci eased cleaiance of pepsinogen uith ACTII 
might be sought in one of tuo lenal mechanisms piobably responsible foi the 
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iHtrninl I'cf’uliilion of jx-psiiiof^cii cxcTction. 'I'lio dilVcrciirM' l)chvccii llic nvor- 

noi'iiial po])siiio^r('ii I'leai'ancf of 44 1 j./ 24 hours atui tlu' ‘jloiiioi-iilai' f'lHra- 
lioii rale ((fFJl) of ahoiil 170 1^/24 hours could ))i' accounted for either by 
some f^loinei'ular imj)ediim“Ut to tiic excretion of ])e])siuofr('n (molecular 
weif^ht 42,000),” or by tubular veabsorjJtiou, or i)otIi. ;is is tiie ease with 
])lasma albumin (moleeular weight 47,000).'” The iiienaises in (!FT{ with 
AdTII reported here, of the .same order of magnitude as those found by 
other.s"- u.sing inulin clearance.s, and the fair correlation between pc|)sinoge7i 
!ind ereatinine clearances sugge.st thiit ehang<-s in gloinei'ular filtration itl.ay 
some pjirt in the reguhition of ])ep.sinogen excredion. However, the difTi'rences 
between the I'clative inerejises in ])e]).sinogen and ci'Ciitinine eleaiainees (48 and 
14 per cent, respectively) suggest that increased gloniei'ular filtration may 
not account for the whole inci-ease in pej)sinogcn cleju'anee with Af’TJl. 

Support for tubular i-eabsoi-ption as a mechanism iii the control of urinary 
pepsinogen excretion may be derived from the inercsises in urinary ])('])sinogen 
caused by phlorhizin.'-’ Thei'e is. however, no dii-eet evidenee at ju'esent avail¬ 
able to indicate whether either or perhai).s both the meclianisms suggesti'd (an 
increase in the Gh’K or a decreased tubuhir refd)sor])tinn). is the means 
whereby A('TH increases the elearanee of i)ei)sinogen. 

The fact that there is an increase in ui-iinu-y ])ei)sinogen excretion with 
AC'TH and at the same time no .significant fall in the concentration tif j)lasmii 
liepsinogen, implies that the amount of pepsinogen excreted in the urine is 
being replaced .simultaneously into the jda.sniii. This rei)laeement could arise' 
either from the leidvoeytes, in which there is a considerable iimount of pc])- 
.sinogen in man.'' oi', as .seems more likely, from the stomach. In caleulafing 
the mean increase in urinary pej)sinogen which could be exi)eeted during 
ACTfl administration to i-csnlt ])tTrely from the observed elevation of plasma 
pepsinogen (assuming a constant peiKsinogen eleai'anee). one arrives at a 
figure of only 11 per cent of the observed increase. Therefore. 89 ]U'r cent of 
the increase in urinarj' pepsinogen exci'ction resulted from the inci'case in 
renal clearance of pepsinogen. The eonvei-.se calculation for the exi)ected 
clearance estimated from the obsei-ved nrinai-y i)epsinogcn excretion (a.ssum- 
ing a constant plasma pepsinogen level) reveals a disci-epancy of 11 per cent 
between observed and expected clearances during ACTH administration. 
Thus only 11 per cent of the observed increase in urinary ])epsinogen could he 
ascribed to the elevations ob.scrved in plasma pepsinogen, which wei-e small 
and incomsistent. 

These observations suggest that the increase in urinai-y pepsinogen undei- 
the influence of ACTII is duo principally to an inei-c-ased i-enal elearanee of 
pep.sinogen and that the stomach maintanis the blood level by some simul- 
taneouslj^ acting mechanism which is independent of the secretory function of 
the stomach. This is confirmed bj' the lack of correlation hetwec'n gastric 
pepsin secretion and the siimiltaneous measurements of plasma or urinary 
pepsinogen during ACTH administration. 
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SUMM \U\ 

A(’rU {jd {inon foi 1 to 6 dajs to each of 5 noimal suhiects caused an 
immediate and sustained incioase of uiiiiaij pcpsinopen c\eietion ^\lthout 
substantialh afTcctinji pnstiic p(psm output oi plasma pepsinogen eoncentia 
turns Theic ^\as, tlieieloie, an inci eased clcaiaiuc of pepsinogen bj the 
kidney’, a use of 48 pii cent \shieh ion dated aiith lelatnclj smallci inci cases 
(13 pel cent) in cieatinine cleaiame (GFR) The incieased pepsinogen clcai 
ante uas due to both an increase in GFU and to piobablo changes in tubulai 
leabsoiption of filtcied pepsinogen Tin absence of a fall in plasma pepsino¬ 
gen conccntiation during ACTIt ndmimstiation implied that the amount of 
pepsinogen lost fiom the plasma In lenal cvuttion was simiiltancoiisK being 
Kplaccd fiom the gastue mucosa 

The mechanism whcich} ACTif incuascs unnai> pepsinogen txcietion 
diffcicd fiom that icsponsible loi the high uiinaij pepsinogen ohsei\(d in tin 
() patients with duodenal oi p^lolle uleciation In tluso patients the high 
inman pipsinogni icsultcd ftom cknated jdasma pepsinogen lc\cls with a 
noimal oi cicn slighth reduced rate of icnal cle«nancc of pepsinogen 

Wt to txnre>«« our tluuiK’t to Mr-^ l^tlur PullJiLft for her able technical as 
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T1I33 “MUCOPllOTEIX FRACTION” (PIIOSPllOTUNGSTIC ACID 
PRECIPITATE) IN TISSUE AND SERUJI: A CO:\IPARISON 
OF NORMAL FINDINGS AND FINDINGS IN 

ijm'ke:\iia and lymphoma 


Elly Moschidls, Ph.D.,® ^fAiiio STr.rAXixi, jR.D.,®® Suitoio I. ^Iaovlixi, 

.M D AXi) Stlx a. Ki-^txkh, M.D.*®®* 

Bostox, Ma‘.';. 

Q uantitative and, possllily, qualitative clianttcs of one of the fractions 
of human scrum, the pliosidiotungstic acid i)i-ccii)ilato. arc found in many 
diseases and particularly in hematolottic disorders of neojilastie nature 
(lymphomas, leukemias),^ This fiaction has been .shown to contain the largest 
amount of the serum mueojirotcins as well as other poorly identified constitu¬ 
ents and is generally defined as “mueoprotein fraction.’’ Chaufres in content 
and composition of this fraction of serum liave been shown to have diafrnostie 
value, but their siftnifieance remains obscure. In particular, the available 
literatuie docs not offer much information as to whether serum chaiifies reflect 
similar abnormalities in mucoprotcins of tissue. The only ]iortincnt experi¬ 
mental observation to be found is by Catchpolc,^ who described ]>nr<illel ehan<rcs 
in glycoprotein content of .serum and tissues in a group of mice with trans¬ 
planted fibrosarcoma. We report in this paper an attempt to correlate content 
and composition of the phosphotungstic acid precipitate (“mueoprotein frac¬ 
tion”) from serum and tissue (siilcen) in jiatients with various hematologic dis¬ 
orders. A significant dissociation of values in serum and tissues was found 
in patients with lymphoma and leukemia. 


AIATr.RIALS AXn VlLTllODS 

CoUedtou of .SjifciHifiis.—Snuni and splpine tiS'-uo wcio olttiiiued friiiii 27 Imnmn In' 
mgs ■suffering from a raiiet) of diwi'-C'- av ■-liowii m Table 1. S-rum wa-i eolleeted and 
■itorcd as dcsciibed lucMoush ' 

Both surgical and autopsj specimens of spleiin tissue were studied .S’lociru/ s/ifiimiiis 
were obtained from- (1) o patients with adMiiued Irmpboma iii whom surgerj was performed 
because of inti.u.table liemohtic anemia oi tliroiiibotjtopenia with mcg.lK•tr^oe_\tie bone mar¬ 
row; (2) one patient witlv (iiionie malignant leticuloondotUeluisib; (3) a luiseellancens gioup 
of 9 patients including 3 with neqiiirid liemohtie anemia tidiopalhic m one instanee, due to 
fibrous congestion uiid to lirueellosis in tlie renmiiiiiig 2), 2 with idiop Uliic thromliocitopenio 
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purpura (/)ru;t’<} to la? (hie to ‘;rIor»Ml«'rn»n ^arconlo^tt, re‘‘pct'tneh, nt exu/ui- 

nation), ono with 11111.1*1110 nnonn.i nnfl enormously incrc.'i'H’d traii‘*fu‘*ion roqiiircmciits, one mtli 
Coolej’s aiioimu, one with eotiKonital splierocytosis, otio who tsufTcred s{iontaneous rupture 
of tlic spleen, site of m.^eloi^l luetaplnsin. Jutop'.i/ i»prfi«inK uero ohtainod from 2 p.atients 
with hniphomn, 2 with acute Icuhcmm, 5 with miscellaneous diseases (ruptured cerebral 
aneurxsni, Daennee's cirrhosis of luer, brain tumor, chronic {jlonieruloncphntis, and collafron 
s\ nd ronic). 


Tauu I. Shu vs STnuti* iv Tiir CorrsF ok Tims Wouk 


1 

TV I*K 1 

NO 1 

I SI'I.OICM 

1 .SmCIMKXS 

1 ArToi’sv 

1 SPICIMFS'S 

Normal 

4 

3 

1 

L\ mplionia 

7 

o 

2 

Hcukemia 

3 

1 

2 

Jli^collaiieous diseases 

13 

0 

4 

Tot.tl 

27 


n 


Surgical speeimens were perfused 5 times with cold ‘•alire immediately after collection 
In 2 instances specimens were waslicd rapidly with cold saline solution and frozen in liquid 
nitrogen for optimum preservation of all constituents."» Autopsy specimens wore obtained 
within 2 to 4 hours after death. They were promptly washed free of blood with cold saline 
and imniCfliately transferred to a Deepfrei’/c nt -20* C, until u«cd It was possible to 
separate lymphoma tissue from .splenic tissue in 2 specimens and, thus, to study ‘'muco 
proteins'^ of the isolated lymplioina tissue. To diocK the reliability of our results, values 
obtained for surgical spociinens were compared with tho«e for nutopsy material specimens in 
patients of the same disease group. Results were C'.spnfially similar. Also, several aliquots 
of the same spleen were collected with the different techniques mentioned above. Results of 
chcniicnl analysis were well comp.ir.iiile. Thus, tf,p (oehnique of organ collection did not seem 
to influence the experimental findings 

rreparation of Tissue for Chemical Analysts .—^Trozen tissue was slowly thawed in an 
icebox at 4* C. for 2 to G hours, .\ftcr thawing, a weighed aliquot of tissue was transferred 
to a wide test tube containing a volume of cold saline equivalent to 5 times the weight of 
tissue. Tissue was geutly “hroken” by Sf|tice2ing it against tlic test tube wall by means of 
a large spatula. Centrifugation at 3,200 r.p.m at 4* C for 30 minutes followed; supernatant 
saline, red with licnioglobin pigment, was discarded. Tins process was repeated 5 times or 
until the supornatiiiit fluid no longer contained visible pigment and tissue had assumed a yd 
lowjsli tinge.* A volume of saline equal to the weight of tissue originally employed was then 
added. Tissue was mechanically ground in Van Potter^s liomogenizer for 20 mmutes after 
adding I Gni. of sea sand per 10 Gm. of tissue. The ground material was transferred to 
glass tubes and centrifuged for I hour at 4“ C, 3,200 r.pm. per minute. Supernatant yellow 
fluid, whore no intact cells were found, was Ininsferred by aspiration to other test tubes and 
used for all studios. 


Chemical Analyses of Tts!>uc —These included the determination of total protein (T.P ), 
by a quantitative biuret technique^; the determination of total protein-bound hexoscs (TPh.), 
by the tryptophan methods; the determination of total hexosanune (T.Ha ), witli Runmgton’s 
methode; and the determination of total cholesterol (TChoI), with a modified Zlatkis tech 
nique. One half milliliter of homogenized tissue was added to 10 ml. of a boiling mixture of 
1:1 acetone and alcohol. The mixture was filtered and total cholesterol was determined on 
the filtrate by tiic method of ZlatkisJ Total protein m the phosphotungstic acid precipitate 
(irp.), was determined as described by Winzler et ab* As already mentioned, the phospho¬ 
tungstic acid precipitate contains mucoproteins as well as other poorly identified constituents, 
although it is generally described as ‘'mucoprotein fraction.’^ Homogenized tissue suspended 
1:1 in saline solution or serum was used. Tlie following constituents were determined in 


•XVrlBht stained smears of the partially homogenized splenic tissue showed fairly well- 
preserved lyniDhocytes and lymphoblasts A mixture of lymphoblasts, reticulum cells, leuko- 
cjtes. and giant cells was observ’Cd In the homogenized lymphoma tissue 
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llio ]) 1 C( ipitiitod ii.utioir (1) li('\iis(*. (Mh ), lij tli«* tl^I)|<)|lll in iiK'tlinil ili-inliii] l)_\ .Slictli 
lui. (d) lioxosiimiiic (Mini), Ia .hi iiiiplii.itiiiii l{cinin”l(in’s niptliml for '•oriiiii''; (,) 
(liolosloiol (Meliol ), !is ilf'-i iilipil elM'wliPii'» Sim<* (i'.mip Imd <iri<;iii9ll\ lici ii diliiliil to 

50 per (Old Mitli s.ilino .ill \ iliii"! olitiiiitd foi ti'-xiio wi'io iimltiplird li tiiiiO'< to cxpri xs 

.ibsoluto \ nines 

Chemical Jnalvset of Seiiim —These were earned out with the teihniqiies pre\iousIi 
de<i I ibed '• 

] Irctrojihoi I of Tissue Homo'll nates —One tenth niilbliter of tissuo homoeeniite was 
ti.insfeired to a gl.iss slide (T x H”) and the slide so lield lh.it the lltiid i\ is iiiufornilj dis 
tiibiitPil along its edge The slide w.is then gentlj aiiplieil to a wet piper strip This tnh 
iii(|iie allowed fairl\ iiniforin distribution of the tissue hoinogdiate on the paiier “tup. Mi 
giation was tarried out In Durruin’s method for seriiiii proteins,i" lipoproteins,i" iiid glxio 
pioteiiis 11 

ursiR.TS 

Normal (Tabic 11) —A pieliminaiy soaicli of llie available liteia- 

tiuc failed to find any diita leg.iiding concentuition in nonnal splenic tissue 
of the ebcniieal components considcicd in this at tide Tbiee snitrietil spleens 
and one jtntopsx spleen weie then analy/ed to obtain baseline \ahies to In¬ 
tel iiiet pathologic lesiilts 'I'issue pioteins appejiit'd lelatixelj lieb in 
cholesteiol and in tot til bexos.imine as conip.iied to seinin.’ Also the ratio 
ot pliosiibotungstie acid piecipitable piotein to total piotein was liighei in 
noimal s])lenic tissue tlnm in normal seium.* 


TMiU II VaIUOI S CONSini ISTS OI- XOI.M.M MIlNICTlhSlI 





1 Minus ntvciios 

1 •“ Vll lOM urns HVCTIOS’'* 

( ASI 

\o 

IHA(.N0S1S 

l.I* 

(M(. f/c) 

1 I'l! 

( ) 

T.I1\ 
(M(. 7r) 

1 < 1101 
(M(. V, ) 

Ml . 

( M(. Vr ) 

Mil. 

(MO ''/r) 

MHA 

1 MO Vf 1 

'lenoi 
(Ml. <'71 

1 

Xoriii il 

.1,000 (11 

l.-|0 

lOO 

120 

00 

14 7 

2 70 

o 

X'oiiimi 

4,200 

1 SH 

00 

NO 

«0 

O’O 

10 2 

r so 

! 

Xoriiiiil 

4,S0fl 

1 .10 

72 

200 

hO 

1 1 2 

12 0 

1 50 

2i 

Cerobial hcmorrliagc .1,000 jS 

00 

110 

1 15S 

1 4 

10 0 

1 00 

24 

Cliroiiu glomeiulo 
iieplii ills 

2,000 tS 

510 

1 to 

01 

S 4 

10.5 

1,(55 

•>5 

Mvoc.iubtis 

.•1,000 oS 

120 

100 

I.IO 

.5 0 

0 0 

1 10 

2fi 

Cirrhosis of liver 

a, 100 41 

120 

i.to 

10S 

0 1 

0 a 

2 2.5 


Xver.ige 

.1,-.S-; 

1 5*5 

105 4 

1117 

n.i 1 

7 17 

10 50 

1.70 


For ke> to abbreviations see text 
'Pliospbotungstic aciil piecipitate 


Lymphoma Spleens (Table 111)—Seven s])leens weie anal.wed. It was 
possible m 2 instances to sepaiate and analj/e well-delineated, easily sepaiable 
lymphoma nodules Lymphoma spleen wms licher in total protein than noi mal 
tissue Total piotein-bonnd he\oses and total hexosaniine weie also iiici eased, 
ill some quantitative lelationship to the lise in total piotein Linally, the ])io- 
teins of lymphoma tissue w'eie lich in cholesterol riiosphotungstic acid 
lireeipitable protein was also ineieased and lelatisely more so than total pro¬ 
teins This fraction, how'ever, appealed idatively poor in hexoses and 
hexosamiue, while the amount of cholesteiol sliowmd slight relative incieasc. 

* * lilies may have helped in intcrpietine the hieh content of phosplio- 

proteln in splenic tissue Illectrophoietic strips obtained from norm il 
sence ot albumin Since albumin represents a larpe part of tbe total 
protein, its absence could help to explain the low total protein In splenic tlsaiie as compared 
to serum On tlie other hand, splenic tissue is rich In alpha-2 and cspeclallj beta-Klobiilin 
fractions uhleh seem to contain or carry most ot the protein nioletf prcclpltablc nith phospho- 
tiinRstic acid. The latter fraction should then be increased in splenic tissue (Fig 1) 
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", 
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11 40 
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7 

R400 
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207 

SOO 
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S 
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sm 
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in 20 
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0 

1 2on 

h4 
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fi 20 

1 OS 

in 
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70 

ns 

200 

-III 

s >n 
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2 44 

Ater 

'i 77S 

Sh7 

14*1 

201 7 

-74 

moi 

0 7 { 

_ hi 

IsiiHled tissui 

0 

1500 

SO 

100 

147 

240 

h40 

5 00 

1 42 

7 

1 (lOn 

70 

1-2 

14*5 

2-)4 

S 40 

0 on 

1 50 


For k^’y to ftt)bro\lfitlon«< Poe text 
•Pho<«photunRRtlo *\cn prcclpitale 


Isolated Ijmphomi tissue jiiosonlul n somewhat difToicnt composition 
fiom iMiiphonin spleen Total pioteins wcie not niciCiTJcd. but ueie iclatiieh 


I 



I if? 1 —1 lectrophoretlc pattern of poIuIjIg protein from normal splenic tissue anil lyni 
phonm tissue Jl Protein stam B Blycoproteln stain 

In each KFoup the upper strip represents normal splenic U'^sue the lower strip lymphoma 
tissue Note (1) normal splenic tissue contains » peaks In 7 and p position jnhcatel h> 
both protein and glycoprotein stain No definite albumin component is present (2) Splenic 
tissue from p itlcnts w Ith lymiihom i Is much richer In stnlnable material Major peaks are 
present in a? ^1 and f' position a small peak Is foun I b> protein stain in the ai albumin po 1 
tion 


iich in hexoscs and hexos'iminc Phosphotungstic acid piccipitablc pio 
tcin, ho^\e^el, was gicatlj incicased as complied to total piotoin, also, it was 
iojati\cI> pool in hexoscs and hcxosaimnc 

Hlectiophoietic studios of suspensions of homogeni/ccl hmphoma spltnic 
tissue showed that, as with normal splenic tissue, theie was piefeicntial migia 
lion of piotcins in thi alpha 2 and beta /ones A ikw comjioiuiit, howi^ci, 
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Mas found in position alplia-1, the significance of Mdiich is under investigation 
at present. Similar pattern M-as observed in separated Hodgkin’s tissue 
(Pig. 1). 

Leukemia Spleens (Table IV).—^Ilcsulls M'crc very similar to those observed 
in l.Mnphoma tissue. The only significant difference M'as a louer cholesterol con¬ 
tent in the protein fraction. 


T.\BU. IV. PSOrsINS AND PJIOSellOTUNC.STIC Actll Pl.l CII’ITAlf. (“ .MfCOl'l OfH.S I'll.\rTIOS'”) IN' Eic- 
KLMIA: COMl’AiaSOS OJ IJIOOD AMI SrltVlC TlSSI f PlMlINOS 





1 ri.oxtiN' 

t paction I 

Ml tOl’I.llTI IN tl.ACTION'”’ 

CASF 



T.r. 

T.rii. j 

T.H 

1.C HOL. 

Ml’. ] 

MH. 

miia. 

MCHOL. 

NO 

IHAON'OSIS 


("<• '/<) 

(Mfi Cf ) 

( Mt> Cf ) 

( M(. 7r ) 

(■'ll, ef.)i 

( 'K. '"/f ) 

t'te.Vr) 

(MO. 97) 

11 

Tlistioej tic leuKemia 

Blood 
& pi eon 

7,200 

7,050 

117 

13S 

1)0 

23-4 

200 

HO 


42 50 

C.S 


mmsm 


Eritliioblu'-tic leu- 

Blood 

7,000 

ICO 

no 

100 

123 

20.01 

IS 70 



Kcmia 

.Spleen 

7,S00 

120 

1.50 

150 

300 

11.10 

14.73 

l.SO 

13 

Gill OHIO iiuilifiiiniif 

Blood 

7,700 

115 

1.10 

IM) 

130 

31.30 

11.50 

3.S0 

retii ulocndotliohosis 

.Spleen 

5.550 

00 

210 

170 

203 

11 .to 

11.85 

2.25 


For Key to abbre\ lotions see tcM. 
♦Phospbotungstic acid precipitate 


T\un V Pl.OTPlN.S \NP PllOSl'IUlTl N(5STIC Aclll Pl.t CiPITATI' (‘• Ml COIMIOTUN Fl. VCTIOV ’’) 
IN SritFNS ot P.^TitM.s With Miscibi..\.s'toiis Pisianis 




T'UOTUN 

Ht NOTION- 1 


C \SL 

NO 

DIAGNOSIS 

'l.V, 

(M(, 7r) 

T.Pil. 

(M<. Vr) 

T.H\. 

(MG.y, ) 

T.CUOI 
{MU Vr ) 

MI’. 

(MG Vf ) 

Mil. 1 
(Ml- 9r )i 
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14 
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niune heiiioljtic 
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.5,000 

70 
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1.10 

15 

Pibroim congest i\c 
splenomegaly 
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03 
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270 

12 15 
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5.75 

16 

Brucellosis; henio 
Ijtie anemia 

6,000 
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185 

.539 

1 5 35 

0‘) ^ 

3 15 

17 

feelciodeima tlirom 
boc} topcnie pur 
pura 

8,700 

90 

249 

207 

345 

10 5 

12 3 

.5.30 

18 

Saicoidosis, tlirom 
boc> topcnie pur 
pura 

0,000 

75 

159 

200 

300 

12 75 

1.3.1 

2.34 

19 

Aplastic anemia; 
hjperliemoljsis 

7,500 

90 

1.80 

190 

330 

1.5 2 

14.70 

2.10 

20 

Congenital spliero 
cj tosis 

4,8,50 

90 

1.35 

210 

,500 

0 4 

9 8 

.3 48 

21 

Hemoglobinopathy 

3,800 

90 

100 

175 

224 

7 0 

13.0 

1 .30 

22 

Mjeloid metaplasia; 
luptuic of spleen 

0,150 

111 

180 

220 

.357 

7 0 

11 2 

.3 0.3 

Average 

1 6,125 5 8S 4 174.4 

190 

30.3.4 

10.18 

15.05 

2.54 


For key to abbie\ iations see text 
*Phosphotungstic acid precipitate 


Spleens From Patients With Miscellaneous Diseases (Table V).—This 
group served as a control group to assess the specificity of the findings in 
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hinphoma and loukeinia It inchulcd a luimbci of conditions ^\licie splenec 
tomv A\as pcifouned for the iclicf of cxccssnc hcmohsis oi of tluombo 
cjtopenia, oi because of tiaumatic ruptuic of the oigan Independently of 
the palholofrj ln^ohcd, splenic tissue uas iich m total pioteins and plios 
photungstic acid prccipitable fiaction Unlike Ijniphoma and leukemia, ho-w 
c\ci, ^allies of hexoses, hcxosaimnc and cholcstciol followed closch those of 
the tuo mam fi actions 

A Comparison of Values of Set urn and Spicme Tissue in Lymphoma 
(Table VI) —A group of 4 patients wcic selected uheic splenic tissue and 
scium had been sunultancouslj obtained undci optimal conditions (suigical 
specimens) Total piotcins and hexosamme Mcrc slighth highci m sciiim than 
m tissue Total piotcm bound hcxoscs were appioxnnateh twice as high m 
seium as compared to splenic tissue, the icicisc was tiue of piotcm bound 
cholcstciol Tlic phosphotungstic acid piccipitablc liaction was compaiatneh 
moio abundant in splenic tissue than in scium, this tissue fiaction, however, 
was pool in hcxoscs and hexosannne and \ci} poor in cholcstciol as compared 
to blood 


Tvnii M ProTFtss AM) pHosPiioTi NcsTic Acn> PrrcniTm (‘ Mi coprotfis Frw.\CTiON 
IN Lymphoma Compapison or Serum and Spiemc Tissuf Findiscs* 










T IIA I 

TCHOI 

MP 

I Mil 

1 MII\ 

Mcnoi 





(M0 9{ 1 

(ilO'/r) 

(Md 7,) 

k'lr %) 

|(Mr </f) 

(510%) 


Illood 

0,200 

158 

<»D 

350 

15S 

108 

18 

4 0 


Spleen 

0,000 

176 

100 

380 

270 

92 

15 6 

2 54 


Blood 

0,000 

200 

105 

lOO 

200 

170 

10 

95 


Spleen 

0,270 

72 

147 

280 

300 

13 4 

99 

3 30 


Blood 

7,300 

5>91 

155 

145 

1% 

15 7 

93 

59 


Spleen 

4,200 

64 

102 

260 

242 

7 7 

G 2 

19S 

10 

Blool 

7,700 
5 000 

200 

175 

180 

204 

7 7 

13 0 

7 9 

Spleen 

70 

118 

200 

200 

85 

G 6 

2 44 

Normal 

Serum 

7,340 

10<»5 

98 0 

200 

9S 8 

0 5 

11 J 

2 9 

Spleen 

3,585 

55 

105 4 

1437 

113 1 

7 47 

10 55 

1 76 

L) mplioma 

Serum 

6,800 

197 2 

147 5 

159 

188 

12 8 

14 22 

6 9 

Spleen 

5,367 

9o5 

114 2 

292 

269 J 

92 

9 52 

2 56 

Serum 

Isormnl 

7,340 

109 5 

98 0 

200 

98 8 

6 5 

11 3 

2 9 

I V mplioma ■ 

G,S00 

197 2 

147 5 

159 

188 0 

12 8 

14 22 

0 9 

Spleen 

Normal 

3 585 

55 0 

105 4 

143 7 

1131 

747 

10 5j 

1 76 

E> mplioma 

5 367 

95 5 

114 2 

292 

269 5 

9 20 

9 52 

2 50 


For key to abbreviations see text 

•Normal \ilues are entered for purpose of comparl'^on The •»econcl part of the table 
shows comparative values of serum and splenic tissue in normal Individuals and m patients 
with lymphoma For splenic tissue normal values are those of Table II serum values are 
those recorded In other publications* • • 
tPbospbotungstlc acid precipitate 


DISCUSSION 

The interpietation of the findings presented in this article should be enter 
tamed witli great caution From a theoietical Mcwpoint, our conclusions were 
made difficult by the uncertainty of nomenclature and the chemical nature 
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ol' imicoprotciiiK. Tho i)h()si)li()lunfrsti<* acid pircipitato of tissue, oven more 
than of scrum, was likely to yield a fraction where the main constituents. 
muco])rotcins, were mixed with a number of other tissue eomi)onents. l\Iorc- 
over. teehniques used involved repeated washing: and manii)ulatiou of cells; 
thus. homog:enates mig:ht iiave contained only more resistant cells; their num¬ 
ber, in turn, may have ehang'cd "reatly in number from normal to diseased 
state and in various conditions. Also, .solubility and decree of recovery 
of proteins and other tissue eonslituents migdit have varied gi'eatly beeaiise 
of noncontrollable hifluenees. At their be.st, therefore, our re.sulls have mostly 
the value of comparing; results in normal and in certain jiathologic states. 


f.11 



SERUM 



Fip. 2.—A comparison of various constituents of protein anti phospholunfrstic aclil pre¬ 
cipitate ("nnicoprotom fraction") In serum and splenic tissue of patients with lyinplioma. 

Xote: (1) Tissue fraction is rich in cholesterol, i>oor In Itexosamine; serum protein frac¬ 
tion is rich in Jiexoscs and hoxosamino, poor In cholesterol; (2) "nuicoprolein fraction" Is 
abundant in both lymphoma serum and spleen: tissue "mueoprolein fraction" Is poor in hexoses. 
hexosamine. cholesterol; scrum "mucoprotein fraction" Is j>oor In hexosaniine. rich In cho¬ 
lesterol. Findings sup^rcst In lymphoma: (1) abnormal distribution of various substances 
between serum and tissue; (2) possibly, abnormal composition of proteins and other tissue 
and scrum constituents. 


With these lijiiitations in jiiind, .'i few comments ore M’arrunted. Totiil pro¬ 
teins, total nonglncosamine protein-hound hexoses and total cholesterol* were 
elevated in all diseases affecting the spleen, probably because of increased ccllu- 
larity of the organ. Ilexosamine, however, was elevated only slightly. Even 
more striking was the high content of phosphotungstic acid prceipitable 
fraction in diseased splenic tissue. In lymphoma and leukemia, however, 
there were important additional qualitative changes, since this fraction was 
relatively poor in hexoses and hexo.saminc and, less strikingly, in cholesterol. 
Thus, quantitative and qualitative changes in the composition of the total 
protein fraction and of the “mucoprotein fraction” in pathologic splenic tis¬ 
sue as compared to normal tissue suggested significant changes in their com¬ 
position, possibly specific for different disease states. 

•We have previously shown that accumulation of cholesterol In lymphoma tissue may be 
related to parallel increased content of cholesterol-carrying beta globulins." 
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The comparison of tissue and serum values was also of some inteiest, 
although, perhaps, open to many objections. Our lesults showed a t datively 
fixed proportional distribution of total piotein, phosphotungstic acid piecipi* 
tate, and constituents of both fiactions between tissue and seium from nor¬ 
mal individuals or from jmtionts with miscellaneous diseases Jn lymphoma, 
however, thcic uas a stiiking dissociation of findings betveen splenic tissue 
and seium (Fig. 2). Total piotein fiaction of tissue \\as rich in cliolcsteiol, 
poor in he.xosaminr; total protein fiaction of seium, on the other hand, was 
rich in hexoses and hexosaminc but jioor in cliolestei ol. The phosphotungstic 
acid prcci])itatc from seium was licli in hexoses and cholesterol. The tissue 
piecipitate was poor in hexoses and cholesterol. The mechanism of the ap¬ 
parently altered otiuilibi iiim of eorlain scium and tissue constituents in 
lymphoma is being investigated at picscnt. 

SUMMARY 

1. This article icports a study of some constituents of the total protein 
and phosphotungstic acid prccipitable fiaction ("mncopiotcin fractioiF’) of 
SGium and splenic tissue in normal individuals and patients with lymphoma, 
leulccmia, and miscellaneous disoideis 

2. In all pathologic cases studied splenic tissue was rich in total piotein. 
The protein fraction of lymphoma tissue jiicscntcd the stiikingly distinctive 
featuic of a veiy high cholcstciol content. Tottil hexosaminc s\as ichitivcly 
low in splenic tissue of lymphoma and leukemia. 

3 Pathologic splenic tissue was also lich in idiosphotungstic acid pic- 
cijiitablc niatciial (“mucopiotciii fraction”). ^Vheu olitainod from lymphoma 
and leukemic splenic tissue this fiaction appealed lolntively poor in hexoses, 
licxosamino, and cholesterol. 

4 Compaiison of splenic tissue and blood values showed a scries of sig¬ 
nificant findings in lymphoma. Cholcstciol of total piotcins was high in tis¬ 
sue, low in blood. Also, total piotcin-bound hexoses weic much higher in 
scrum than in si)Ienic tissue; phosphotungstic acid piecipitate fiom tissue con¬ 
tained 1 datively less hexoses, hexosaminc, and cholesteiol than the cor- 
icsponding fraction from seium. 

5. Results suggested (a) <iuaiititali\c and (pialitathc changes of total 
piotein and “mucoprotein fiaction” of seium and tissue in disease, (b) pos¬ 
sibly, abnormal composition of these fiactions in disease, paiticulailj’ 
lymphoma. 

We \MsIi to acknowledge the a«!sistancc of the Departments of Medicine, Patliologj, and 
Surgery of the Massachusetts General Hospital, Boston, for making Patients 15 and 16 
a\ailable for study. 

Dr. James H Graham, Saint Elizabeth’s Hospital, and Dr. Benjamin Castleman, 
Massachusetts General Hospital, kindly interpreted the pathologj of the organs involved 
m this study 
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STUDIES ON PLATELETS XIX CAROTENOID PIGJIENTS IN 
UmiAN PLATELETS 

Mvrio SrrrvxiM, I\l D ,* Noraiw KnLNSK\, lED /* and 
SER r.io I JIagalivi, JI D ••• 

Boston, j\rAss 

I N THE couise of umelatccl e\pciinients, it uas obscuccl by one of ns that 
buttons of liuman platelets obtained fioin a laige number of donors and 
stoied at 4° or at -20° C uould often assume a jcllouish-bioun color This 
obsei\ation suggested the piescnec of pigment pieemsois or of bound pigments 
in human platelets Piuthcr study indicated that an cthjl etlloi e\tiact of 
these platelets' uhicli had been stoicd for one month at -20° C contained 
jellow pigments and an ultraviolet absoibing mateiial uhich was spcctially 
similar to vitamin A and in addition ga%e a posituc Cari’Piice reaction 
Attempts to reidentify vitamin A in intact platelets or in their e\tiacts has 
since failed Repetition ot the uoik, houcicr, has consistently re\ealed the 
picsenco of carotenoid pigments in extracts of platelets 

MATERIALS AND MPTHODS 

Preparation of Platelet Itich Plasma ond of Suspensions of Isolated Platelets —Blood 
collocfcd from licnltlij or pobc^tJiemic imliMduila m phstjc hip** confnining ACD solu 
tion f In several otlior experiments, blood was collected directlj m silicone coated bottles 
containing 1/10 volume of 02 M «odium citrate Platelet*^ and plasma from 10 different 
donors were used in these studies Platelet rich phsma and triply saline washed platelet 
buttons uere obtained as dc^crihcd - Platelets were also obtained from rabbit blood collected 
m ‘Silicone coated sjnnges containing <50dium citrato diiect artenil or heart puncture 
Techniques of preparation of rabbit platelets hare been described earlier.3 

Fractionation of Platelets and Pigment i-Jlroction —The platelets from 1 pint of 
blood were suspended in 2 5 ml saline To this 7 5 ml of ethjl ether containing 3 5 per 
cent ethanol uas added The mixture was shaken aigorousl} for 5 minutes, and then centn 
fuged at 3,000 rpm for 30 minutes in coik stoppered test tube's Three layers ^\e^e formed, 
as described earlier t After discarding the top lajer, the remaining solution was stored at 
-20® C for 24 hours This material was thawed, centrifuged at 3,000 rpm for 30 minutes, 
and 3 new lajers formed Tlie top lajcr appeared jellow after this treatment, and was saved 
for further anal) sis An alternate teelinique consisted in adding 3 volumes of anhjdrous 
sodium Sulfate to a packed platelet button, and grinding until dr) The resulting powder 
was extracted with petroleum ether, and then with acetone to remove protein bound pigments 
Analysis of Pigments —The platelet extracts were transferred to petroleum ether, and 
chromatographed on aliiuiina columns Tlie pigments which sepaiated were identified both 
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l)y tlioii !iils(pii>tue bo1m\i<>i iiinl s|»wliiil <-li!ii!u-H-riMii-s. The ediieentnilinn of flio 
\!intliojili\ll friu'tion (lutein) i\!is olituiiicil U'<iii<; the E (1%. 1 ein.)* value of "jO'JO at 
■14o lUfi. For the eavoteuo iraetion (a luwtuie of enroteue and Iveopeue), E (1%, 1 em.) 
of :2,lJo at -140 ni/i, the crossiii" point of two compounds, was used. 


Ui;SlT.,TS 

Direct spectrojvhotoinetrie readiiisrs of tlic iietroloiim (“liter extriict of 
hninan plitlelots revealed tlie presence of two ab.sorjttioii jtettks jit 445 and 470 
ni/t (Pig. 1). Similarly shaped curves- were obtained for both the acetone 
extract, and the ethyl ether extract, when the.se had been triinsferred into itetro- 
leuin ether. 



m>j 

Fig". 1.—SpcctrophotomctrIc roconJinp of a iM*tiolo«iii ether extract of human platelet*^. The 
extinction (ordinate) I'i i)lotted directly against ^\a^e length (ab•^cl^sa). 


Alumina chromatography at room temperature resolved these extracts into 
two eolorc'd fractions. The first, eluted with a solution of petroleum ether 
containing 4 per cent acetone, had an absorption spectrum indicative of a 
mixture of )8-carotenc and lycopene (h’ig. 2, rt).^ When this fraction was 
saponified and then rechromatographed, it again was eluted with the 4 per cent 
acetone solution, indicating that there were no xanthophyll e.sters present. 
Following the elution of the first fraction, an additional yellow zone could be 
removed by the use of a petroleum ether .solution containing 40 per cent acetone. 
This fraction, both by its adsorptive behavior and spectrum (Fig. 2, h), was 
identified as lutein. 

■^Tho extinction (log I,./!) of a solution containing 1 Gm soIute/100 ml solution when 
leatl m a 1 cm. light path 
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None of these cxtiaLls showetl a ]msiti\c Tail Piice leaction, jiossibh be 
cause ol llie low coneentiation of the matciiais .lnal^/ed Since, lioweeei, Mta 
mm A luul been found in a smj'lc |uc\ious picpaiation, the luoblcm aiose as to 
whethci Mtamm A could be ioimcd liom the taioteiioids piesent m tlic platelets 
Long: tcim stoiage at-20° P, oi incubation toi 2 liouiN at tcinpeiatuus up to 
17° C of eithci platelets oi then e\tiacts failed to be tollowed b> the nppcaiance 
ol Mtannn A 

Inasnuicii as the plasma lipopioleiiis cam caiotenoids,* it was Iclt that the 
eaiotenoids iound in platelets might be due to lipopiotem contamination A1 
though this l>osslblllt^ cannot be eliminated iigoioush, it appealed unlikeh, 
since the amount ol jugment icco\cicd fiom the jilatolct extiact was epute 
consistently piopoitional to the numbci of platelets used, lucspcctuc of the 
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Fig —Sppctrophonietrlc recor ling of a petroleum ether extract of human platelet*! 
after c>ii omatofri aplilc separation on an alumina column o /U carotene lycopene mixture eluted 
ulth 4 pel cent acetone In petroleum ether b Protein eluted ulth 40 per cent acetone in 
petroleum ether 

presence of alimentaiy Inpeilipemia Moieo\ci, in an additional c\perimont, 
platelets weic obtained iiom the same doiioi befoie and aftci clarification oi 
plasma fiom fats b\ the intia\enous administiation of 50 mg of hepaiin The 
amount of pigments finalh obtained was \cry similai in both instances 

Treatment of lahbit platelets as desciibed indicated the piesence of a 
pigment with A ma\ at 398 and 420 m/t The natiuc of this pigment is being 
ln^estlgated at piesent 

DISCUSSION 

The findings picscnted in tins article indicate that caiotenoid pigments 
(\anthoplnll and a /? caiotcne hcopene mi\tuic) aic found m luiman platelets 
unclei cei*tain c\peiimental conditions These pigments aie among those also 
found in plasma It was, thciefoie, impoitant to compaic the conccntiatiou of 
these caiotenoids in platelets to the conccntiatiou m plasma Platelets fiom 
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one pint of blood contiiined 2.9 /ig of xantliopliyll and 2.5 /ig of /3-cai'otene- 
lycopenc niixtiirc. By eompavable Icchniqnes' plasma from one pint of 
blood contained the same pigments in amounts of 9+ and 170 /ig, respectively. 
Since platelets usually represent 1 per cent by volume of plasma, a slightly 
higher concentration of these pigments in ])hitelcts than in plasma was apparent. 
Thus, platelets may concentrate carotenoids, contributing to their trnn.sport in 
the blood stream. This function of traasport, thus far, has been comsidcred 
limited to lipoproteins and chylomicrons. 

Unfortunately, however, the relatiomship of carotenoid pigments to iilatelcts 
could not be clarified further. It appeared unlikely that the ])resence of carot¬ 
enoids in platelets might have been due to free ililTusion fi-om iilasma. because 
the jiigmcnts exhibited relatively higher concentration in thrombocytes as com¬ 
pared to plasma. Also, multiiilc washings with water and even a single extrac¬ 
tion with ether did not affect the concentration of jiigments in platelets. It was 
possible, on the other hand, that platelets, who.se structure could be. visualized 
as a giant lipoprotein complex, might have adsorbed circulating carotenoid 
pigments. The resulting bondage was apparently a .strong one, to be di.ssolved 
only by the complete destruction of the platelet body. A similar situation has 
been dc.scribed for other constituents of platelets, like antiribrinolysim' and 
5-hydroxytryptamine creatinine sulfate." 

Finally, the status of carotenoid pigments found in platelets was not 
clearly undci’stood. Storage and strong chemical “treatment’’ were needed for 
their demonstration. ‘Whether these jiroeedures liberated or. perhaps, iiroduecd 
these pigments from other sub.strates; whether carotenoids were ]iresent in 
normal human platelets as such or. rather, as ]n'ceur.sor substances remained 
undetermined. 

SUMMARY 

1. Human platelets have been found to contain lutein, lycojiene and 
/3-carotene. There is moderate concentration of the pigments in the platelet 
body as compared to plasma. 

2. The finding is be.st explained by the known .ability of platelets to absorb 
many constituents of the circidating plasma. Tlius, platelets may contribute 
to the transport of carotenoid pigments in the blood stream. 
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COAGULATION DUFECTS IN LEUKEJnA 
Slvmour Peru\, D • 

Los Angeles, Cvlif 

■\VlTH THF TECHNnCAL ASSISTWCE OF B\EER, BA 

I T HAS been o\cr tbiit\ ^ears since ilinot and Bnckman^ published their 
classic article on bleeding in leukemia Yet, in spite of a great deal of in 
■\ estigation, little has been learned of the ctiolog} of the hemoiihagic diathesis 
in the •vaiious leukemias and other m>olopiolifeiati\e disoideis Of couise, 
in the piescnce of maikcd thiomboejtopenia the cause is obMous and points 
the ^\a■^ touaid the propei ticatment Ilonccci, it is an uneas^ situation 
foi the clinician -when his patient develops some hemorrhagic manifestation 
^\lth a normal or even elevated platelet count The etiologv of the bleeding 
in this t'^pc of leukcrnic patient has been obscure and many explnnations have 
been nd\anccd One of the earliest ■was decreased lesistancc of the vascular 
wall due to ano\emia and leukemic infiltiation* Although this may be a 
factor at times it is not a common cause for the bleeding seen in the non 
thiornbopenic patient with leukemia" 

The possibihtv that the bleeding is due to qualitntne platelet defects has 
been nd\anced without ^er\ film CMdence^ “Win one patient bleeds while 
another, with compaiablc thiombocjtopema, does not is puzzling Platelet 
and plasma serotonin determinations ha\c not Incn of aid in this pioblem'* ® 
H'v'popiothiombinemn and AC globulin deficicnc> due to Inci damage ha^e 
been mentioned® Again, those must be uncommon since most patients with 
rhronic leukemia do not hn^e abnormal Inei function tests and ha\e normal 
prothiombin times ^ Fibiinogenopcma and filuinoljsins haie been demon 
stiated in some cases,® ® but this must be laie since Pisciotta and Schulz^® 
failed to find one such instance m 40 patients with leukemia Similarly, 
ciidilating anticoagulants aie icsponsiblc in an occasional case onh ^ Finally, 
the presence of a serum polysaccharide has been postulated to account foi the 
onset of bleeding in thrombocytopenic patients with leukemia'^ Howevei, 
feier and infection aie not commonly associated with hemoiihagic manifesta 
tions in these patients ® 

With all these theories, it is obiious that the cause foi hcinorihage in 
leukemia is often obscuie''’ As a losult, the clinician is fiequently at a 
loss as to appropiiate theiap> 

This study was undertaken in an attempt to elucidate the coagulation 
defect in leukemia and other nneiopiolifcratnc disoidcis 


From the Uni\ersit 5 of California Medical Center ami Wadsnorth \eterans Adminis 
tration Center Los Angeles Calif 

Supported m part by ParKe Da\is &- Co L S Public Health Ser\ice and The Gladjs 
P Bo^'yer Fund 


Recehed for publication Jan 4 ISS*" 
•Assistant Professor of Medicine (m Residence) 


Unuersitj of California 'Melical Center 


229 



Tahi.e 




CO\.OUL\TIOV DEFFt TS I^ LEUKEMIA 


231 


50 


MnilODS 

NuiilLtii iiti^Lkctnl j itanls witli iliroiut Icul^cmin, S niLli cliromc lu^ilo 

t\tic kuKttma, ojii, iitiite t^tU2)1loc^tic, one Mifli atotc Jii\ oloc\ tit, one uitli mono 

m\eIot^tic (Afiogeh) (^pt, «ml - mth iiioiio(\tii ]tiil<niins \\cro '>tu(lic<l ^Mtll a bat 
ter^ of clottinff tests Four patients with pol^c^tliLinia rubra ^e^a and 4 tMth leukemoid 
reactions and mjeloid metaplasia utre also in\estimated 

In addition, the same coagulation studies ^icre performed on a group of 25 normal 
controls These included members of the slafT and patients \\ith no apparent hematologic 
disorder, lucr disease, congestne failuri, or other disease which might disturb the clotting 
rnechanisni One and freipientK two nortiinl controls were aNo done concurrenfI\ on 
da>s that patients with the nnelopruliferati\o disorders i^ere studied 

Onh siliconired needles and s\riiiges were u«ed Venipunctures were initiated 
with one s\ ritige, which was then discarded, and onh the blood obtained with a second 
svringe was used for the clotting studies 

Platelet counts were performed L\ mis:ing ei|iml ipmntities of \enous blool 
(0 5 ml) and Pees Ecker solutioun without d\t Smears were then prepared as foi 
ordinary blood smears and, after dr\ing were staine«l with Wright’s solution A modified 
Miller ocular disk. Teticuloc>te teelim(tuci& adapted for platelets was used in counting 
I his method is excellent in that the resulth are rcsprodutible wnth accurac% Ihej jiiaj 
be rechecked at ^ill since the smears arc filed for further studi 

Prothrombin times were performed b' use of human brain thrombopHstm and re 
suited in a clotting time of IJ 5 seconds iiormall} lests for accelerator globulins and 
strum prothrombin coiuersion accelerator^ were done when in licate 1 

iho prothrombin consumption test used was a modification of the Owren method to 
Iwo milliliters of blood were deh'ered into a standard tube which was inverted 10 times 
and then placed in a 37^ C water bath for one hour after clotting The serum was then 
separated bj centrifugation and a one stage prothrombin time done 

Ihromboplastin generation tests (TOf) were performed according to Biggs and 
Douglas,It with some ruodificntions similar to those recenth suggested is Incubation was 
not earned beyond 0 minutes The platelet suspension as prejiared for the thrombo 
plastm generation test in this stud} contained per cubic millimeter between 3 and 4 times 
the number of platelets in the patient’s blood The} were washed twice with saline and 
resuspended in a volume of saline equal to one third of the original platelet rich plasma 
suspension The platelet counts given in this paper were those found in whole blood 
The effect of the patient’s platelets on thromboplastin generation was measured bv using 
them in a s}steui containing normal serum, barium sulfate treated normal plasma, and 
platelet poor plasma substrate as well ns in a svstem contamiiig onl} the patient’s* le 
agents The platelet suspension was also diluted or coucentrated to correspond to an 
appropriate whole blood level and was used in both s}Stems 

The initial tests m every patient weie performed by use of all of the patient's re 
agents both in his own substrate and in normal substrate plasma If there was no ap 
preciablo difference, the normal substrate was used for all subsequent tests in that par 
ticular patient Both substrate plasmas were used to aid in the detection of circulating 
anticoagulants of the antithromboplastin t}pe In addition, tests for abnormal anti 
coagulant aetivit} were performed, emplo}ing varvmg proportions of normal and pa 
tient’s plasma 

Tubes containing 2 ml of blood were examined b} visual inspection for clot re 
traction after one hour at 37° C and for fibnnohtic actmt} after 24 hours One 
milliliter aliquots of blood v\ere delivered into glass and siliconized 1 x 10 cm test tulies 
for the whole blood clotting times b} the Lee M Kite method 13 The«>e were done at room 
temperature 

RFisULTS 

Tnbk I sumniaiizes the lesiilts obtained in the 39 patients studied It is 
to be noted that the aaeiago platelet count in the patients with chronic 
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Ijmphocjlic lenUomin Mas luliunl whcicas it -was someMhat cleiated in the 
small numbei of patients Mith ciuonic nncIocAtic leukemia In spite of this, the 
.aieingc bleeding lime seems piolonged in the hittci IIowcxci, fiom Table II 
it IS appaient that the piolonged bleeding times occuiied in patients -with 
thioinboc^topenin The piothiombm consumption time m is shoit in both 
groups Platelet defects, as ineasmed m the TGT in chionit iMiiphoc^tie leu 
kemia, when piesent, 'woie qinhtatne in natiiic Concentiation of the plate 
lets 111 those patients Mith qmntitatnc reductions to Mhat noulcl coi respond 
to 1101 mal nholc blood levels did not result in noimal thioinboplastin gencia 
fion 

Table II lists the indnidual patients studied and the lesults of then clot 
ting tests rihrinohtic actiuO nas not found in an\ ease A ciiculating 
anticoagulant Mas thought to I>e pusent in onlj one indnidual The lattci 
Mas a patient (M ) Mith ehionic nnclocjtie leukeinn Mitli an assoeiitcd plate 
let defect Thiomiioplastin gcnciatioii Mas pooi both m the patient's plasma 
and in noimnl suhstiafo plasma Collection Mas not obtained Muth substitii 
tion of an> nounnl oi combination of noinial leagcnls Ilowcaei, the tost foi 
anticoagulant actnit\ Mas equnoeal One patient (J ) Mith ehiomc mjcio 
cjtic leukemia had slighth deficient thioinboplastin gcneiation Mhieh Mas cor 
retted onij Mhen eithei noimal senim oi plasma Mas used along Mith iioimal 
plntokts 

In gencial, piothiombm times mcic not inaikodlj piolonged Theic moic 
no instances of AC globulin or sciuni piotinombm coineisiou aeccleiator 
deficienej 

Of the 39 jntitnts iincstigitcd 18 had a histon of bleeding and, of these, 
17 had at least one 'ibnounal clotting test The latter also included IG Mith 
ahnoinial thromboplastin gcneiation Among the 21 patients Mith no historj 
of bleeding 8 had abnoimal TGT On the othci hand, one thud of the pa 
ticnts Mith pool Ihiomboplastin gcneiation tests gTvo no histoiy of bleeding 


Table III 
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These icsults are listed in Table III It is impoitant to note that in the 24 
patients Mith pooi thiomboplastin generation, 11 had noimil piothiombm eon 
sumption It IS appaient that a noimal piothiombm consumption time, 
especially m the piesenec of a piolonged piothiombm time, may be mislead 

mg and does not exclude an abnoiinalitj in tliromboplastin generation 
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Of Iho throe patients ivitli loukoinoid blood ])ioluro.s and myeloid meta¬ 
plasia, none had a history of bleeding, although all had some abnormality 
in their clotting studies. One additional patient, not listed in the tables, 
had so-called “burned out” polycythemia rubra vera and a severe hemor¬ 
rhagic diatheses. Thromboiilastin generation vas extremely poor. It was 
not possible, in this particular patient, to exclude the prc.sence of myelocytic 
leukemia. 
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INCUBATION TIME IN MINUTES 


Flp. 1,—Patient (H.) Avitii clironic lympliocytlc Icukoinla nml a <i\mlitativo platolf'l 
ilefoct. Normal barium sailfato troatcil plasma uml nonpal Fcnim illil not rrsult in normal 
thromboplastin generation. Doubllm? of the patient’s plat(‘lct.s improvoil the tost only 
moderately. However, substitution of normal platelct.s resulted in normal tliromboplaslln 
generation. The .shaded area Indicutc.s the range of thromboplastin prnoration In 2r) normal 
controls. 


As was to l)c expected, some of the platelet defects were found to he solely 
ciuantitative. ITowevcr, qualitative defects as determined in the thrombo¬ 
plastin generation tost were extremely common in tlieso patients, particularly 
those with chronic lymphocytic leukemia. In this latter groiqi, in fact, a 
quantitative reduction of platelets alone was in no ease found to be rcsiionsiblc 
for an abnormal thromboplastin generation te.st. 

Fig. 1 is an example of the type of platelet defect seen in chronic lympho¬ 
cytic leukemia. Although the platelets Avcrc reduced in number, they were 
also qualitatively defeelive. Coneentration to what would correspond to a 
normal A'nlue in whole blood did not result in a normal curve, hhg. 2 illus¬ 
trates a similar defect in a patient with polyeytbemia rubra vera who bad a 
slightly elevated platelet count. 
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... - —r’ol'Cjthonilfl. rubja \ora Poor tlirombopH<«tin RCntritlon In n i itfont (L ) 

«Uh a hi'^lwy of bleeding and i '<lJghtl> elevate I platelet count (norm tl .00 000 to J'>0 OOO) 
Isotmvl tluombopl istln ccncration %\ vb obttined when noimd pJulcletb woo substituted 
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3—Acute lynipliocytic leukemia Impi o\ emtnt in throinbopi istin teneration ai the 
patients own platelets wore concentrated to what would correspond to a platelet count In 
the blood of 125 000 per cubic millimeter The platelet defect appears to be essentiallj a 
quantitative one 
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Fi" 3 illustrates the cfToet on thromboplastin generation of a quantitative 
platelet defect in a patient with acute lymphoeylie leukemia. Concentration 
of the patient’s platelets in the system yielded almost a normal cun'e. A 
similar situation in acute myelocytic leukemia is shown in Fig. 4. Although 
the platelet count after coneontration corresponded to a whole blood count 
of approximately 22,000 per cubic millimeter, thromboplastin generation was 
nearly normal. Fig. o is an example of the same type of defect in chronic 
myelocytic leukemia. 



0 12 3 4 5 6 

tNCUSATION Tiue IN MINUTES 


Fig- €—Chror • ‘ ’ ’ • J ), Demonstration of riuaJlUitne platelet 

defect only after tl , ’ ' . ’ oted to a le>el of approximately 200,000 per 

cubic millimeter , ' ’ ’is normal In the presence of the e.xcessive 

numbers of patelcts ' ■ J 

There were throe patients rrith platelet counts abore one million per cubic 
millimeter. One patient rrith chronic myelocrtic leukemia had a qualitative 
platelet defect as demonstrated in Fig-. 6. The e.vcessive uiimbers of plate¬ 
lets permitted good thromboplastin generation. However, with dilution of 
these platelets to a normal level, thromboplastin generation became inade¬ 
quate. 

Another patient with excessive platelets had an abnormal T6T (Fig. 7) 
even without dilution. Fig. S is an example of a patient with chronic myelo¬ 
cytic leukemia and elevated platelets in which, even with dilution, thrombo¬ 
plastin generation was normal. Just the opposite situation is shown in Fig. 9 
In a patient with myelofibrosis where dilution resulted in poor thromboplastin 
generation. 



238 


i>KHRy 


I. l.il. S. Clin. Med. 
AuruM, I9>7 


DISCUSSION 

3’ho ro.suHs of this stmly .nrc in iifrn'ciiKnif willi ^n'cvimis iniprc.ssions'’ 
that thoro is 710 oonstjint i-oliitionshi]) hi-lwcan iIk' ])liiloh*t count a7id tiic in¬ 
cidence of bleeding. A patient with a normal or elevated ])lalelet count may 
bleed and a patient with thromboeytoinmia may never have any hemorrliagic 

- -..prs BEftCENTS OMLY 

__oBt'S platelets diluted 



INCUBATION TIME IN MINUTES 

Fig. 7.—Abnormal thrombopla.stin generation in .xpite of a gre.at Increase In platelet.s (1,825.000 
per cubic miaimeter) in a patient (P ) with chronic myelocytic leukemia. 

manifestations. 'I’liree patients with excessive jilatelets (over one million) 
had bleeding histories. On the other hand, one patient (IM with chronic 
lymphocytic leukemia and a platelet count of G3,000 had never had any bleed¬ 
ing. Ctenorally, however, a patient with thrombocytopenia is more likely to 
bleed.-" Yet a patient with a normal or high platelet count often will dem¬ 
onstrate a hemorrhagic diathesis if these platelets are qualitatively defective. 
In fact, thrombocythemia is frequently associated with bleeding in iiolyeythemia 
rnbi'a vei'a, chronic gz’anuloeytic leukemia, and so-called hemorrhagic thrombo¬ 
cythemia."’ " Patients with elevsited platelet counts may demonstrate 
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INCUBATION TIME IN MINUTES 


J'ltf 8 —Clironlo niji'lootic l<'ukeml‘» (Patient S) In spite of rlllutlon of the platelets In 
(Ills pitUnt, tlironifiopla^tin generation «li<I not ixcome abnornml 
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Fig 9 —An example In a patient (A) with myelollbrosis and a ‘slightly ele\ated platelet 
count, where dilution of the platelets resulted In abnormal thromboplastin generation 
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ahnormtil llu'Oinboplastiu generation only after dilntion of the platelets to 
more nearly normal levels, as shown in hMg. h. Ilardisly and "Wolff ' have 
recently reported similar ohservations in ])a1ients with hemorrhagie thrombo- 
eythemia. Finally, excess normal platelets may even possess anticoagulant 
activity in A’itro.-‘ 

From the results obtained, it is not possii)lc to determine at what ])latelet 
level bleeding will occur. Tlic value of (!0,000 to To.OOO, usually mentioned.’' 
is of little importance Ijy itself. Low numbers of platelets may be func¬ 
tionally quite adequate, while, as mentioned above, excessive platelets may 
bo associated with hemorrhage. Evidence for this may be seen in the results 
of the thromboplastin generation tests and observations on clot retraction. 
Similar variation'of the critical platelet level was reported in J94G by Aggeler 
and his co-workers.'® In this o.onncetion, in regard to platelets, it is impor¬ 
tant to point out the lack of con-elation among the results obtained in the 
thromboplastin generation test, clot retraction (by visual observation), and 
the platelet count. To gauge platelet function, all these tests must be per¬ 
formed in addition to the bleeding time and tourni(inct tests. 

Although deficient platelet function, particularly as measured in the 
thromboplastin generation test, often seems to be associated with hemorrhage, 
it is only presumptive etiologic evidence and may not be solely responsible for 
the bleeding. Other factor.s, not measured in this study or liitherto iinreeog- 
nized, may be oven more important. 

Although not statistically significant because of the small numbers of 
patients stirdicd, it is interesting to note that only qualitative jdatelet de¬ 
ficiencies were found in the group of patients with chronic lym])hocytic leu¬ 
kemia. Sixteen of the 19 had low platelet counts. Abnormal throml)oplastin 
generation tests in these were not corrected when their platelet susjmnsions 
were concentrated. In the other groups of patients both qualitative and quan¬ 
titative defects were present. In the small number of patients with chronic 
myelocj’'tic leukemia, variation in the levels of platelets from case to ease was 
especially marked. The characteristic decrease in chronic lymphocytic lc\i- 
keniia and the variation in chronic myelocytic leukemia have been noted be¬ 
fore.’ The explanations for this and for the qualitative changes in the plate¬ 
lets are not obvious. However, functional defieieneies, including those in¬ 
volving the hemostatic activities of platelets, should not be totally unexpected. 
Biochemical and phy.siological abnormalities of the other blood cells in leu¬ 
kemia haAm been reported prCAdously.-®' 

SUMMAUY 

1. A group of 39 patients with various myoloprolifei'ative disorders, in¬ 
cluding chronic myelocytic and lymphocytic leukemia, Averc .studied Avith a 
battery of clotting tests. 

2. Of 18 patients Avith a history of bleeding, 17 had one or more abnoruAal 
clotting tests, including poor thromboplastin generation in IG. Pour had ex¬ 
cessive platelets and 14 Avere thrombocytopenic. 
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o Among the 21 p-itients with no blctthng thoie woic 10 with tliiombo- 
V} topinia and 2 with incicased mnuhois of platelets 

4 EMclence was jnesented in agiccmcnt with picMoiis impiossions thit 
theie is no constant lelationslnp helwcon the platelet count and the occui- 
ronco of bleeding "Within limits the functional hemostatic llcll\lt^ of plate 
lets appeals to be moic impoitant than mciol 3 the absolute nurnbci 
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STUDIES ON SYNERGISJI WITH TWELVE ANTIEIOTICS AGAINST 
TITllITY HOSPITAL STRAINS OF STAPHYLOCOCCUS AUREUS 

IIakold J. Elliott, B.A., and Wendkll H. Hall, Pii.D. 

JllNNEATOIAS, JllNK, 

M any reports i'roiu liospitiils in various jiarls of tlie, world liave. indicated 
an increasing incidence of infections with antibiotic-resistant stajihyiococci. 
Therefore, eoinliinations of 2 or more anlihiofics are often used in treating 
stapliylcjcoccal infections to delay the cniergenec of resistant variants of staphylo¬ 
cocci. 

The antibacterial activity of antibiotics in iwirs npon staphylococci has been 
•studied to a limited extent. Rantz and Randall’ reiiorted the effect of (i anti¬ 
biotics in 15 combinations niion 33 strains of .staphylococci in broth. They 
found that penicillin, streptomycin, and bacitracin were often “.s\mergistic” when 
u.sed togetlicr in pairs or added to chloramphenicol, oxytetracycline, or erythro¬ 
mycin. Tlicy defined .synergism as killing Avithin 24 hours with no secondary 
growth in subcultures, a phenomenon usually called the bae.foricidal effect. 

Slantcn' found that streptomycin had a synergistic bactericidal cfTcct with 
penicillin, chloramphenicol, tetracycline, or erythromycin against most of the 
55 strains of staphylococci he tested. On the other hand, jienicillin seemed 
antagonistic to any of the antibiotics excejit streptomycin. Thc.se cfTccts were 
obtained by the use of antibiotic-imjjrcgnatcd jiapor disks on seeded agar jilatcs 
and by observation of replica plates. 

Kylin and WalP studied the effect of penicillin and streptomycin upon the 
growth of 32 strains of staphylococci by the disk method. They found that these 
drugs often had a synergistic antibacterial effect. Waisbren' tested S anti- 
biotie.s in pair's against 10 .strains of staphylococci in bi'oth with .subcultures 
after 24 hours. He found no prevailing jiattern of combined effects. Potentia¬ 
tion or interference with antibacterial activity between pail's of antibiotics was 
infrequent. 

The purpose of the present investigation was to study the combined anti¬ 
bacterial aetivitj’’ of a larger number of antibiotics upon staphylococci isolated 
recently from patients in this hospital. The activity of the individual anti¬ 
biotics Avas tested by the tube dihition method'’ AAUth subcultures of each clear 
tube after 24 hours. The combined activity of 12 antibiotics in 6G pairs Avas 
tested against 30 strains of staphylococci by the paper strip-agar diffusion 
method of Elek" and Dye^ Aidth replica plating by the method of Loderberg.'’ 

From the A’^eterans Administration Hospital. Jlinneapolis. Minn., .and the Department of 
Jledicine, University of Minnesota Medical School. 

Supported in part by a firant-in-aid from Ell Lilly & Co., Indianapolis, Ind, 

Received for publication Jan. 7, 1957. 
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M\TFH}\LS \Nn METHOD'' 

Source of Cultures —Tlurt> eon«otutnc ^trains of lif'moh'tjc, co po'jti'e ^laphi/ 

fococcus aureus were i^olitcd from patient*? m thi« hospital in late 1954 >sine ^^crc from 
blood cultures, 9 from «lcin lo'ions 5 from urine, 3 from the nose or throat, 2 from I od» 
cavities, and 2 from wounds 

Tube Z>i/ufion Meilnd —Tube dilution antibiotic re-istance tests were done on all 
**0 strains of staphvlococci with 12 indixilual antibiotics * Doubling dilutions of the anti 
I lotics m nutrient broth (Difco) ranged from 100 units or meg to 0 39 unit or meg per 
milliliter The bactenal inoculum was 0,5 ml of a 1 100 dilution of an 1<* hour broth cul 
turc and was mixed with 0 3 ml of antibiotic in broth The bacteriostatic end point ua® 
recorded as the lowe't concentration of antibiotic that prexented xisible growth after 
hours at 37® C U1 clear tulies nero then «ubcultured by transferring one loopful witli a 
4 mm inoculating loop to a nutrient agar plate The lowe<t antibiotic concentration tint 
prexentod growth on subculture was recorded as the lactencidnl end point \n -traiii' 
'howing no growth in a concentration of C2» units or meg per milliliter wort arbitrariK 
tailed sus eptiMe Those showing growth at C^o units or meg j*er milliliter were recorde«I 
as re'istant 



Fiff 1 —Growth inhibition patterns with paired antibiotics for staphylococci b> papor 
strip-a^r diffusion method Upper left, no combined effect upper right, addition lower 
left «>nergism lower nght, antagonism. 


The Anar Diffuann Method —"Nutrient broth and agar (Difco) were n«ed throughout 
the studr Imprint * stamps" for transplants to replica plates were prepared br fixing 
white vehetecn to in pine di k-* ^0 mm in diameter using polx-nnvl acetate a« the 
adhe'ixe The e di«K' xvith tood cleaning and sterilizing at lea«t one dozen time* Fixe 
per cent phenol solution was u«ed to sterilize the * tamp- immediatel' after ii'e ‘^tand 
nrd 100 mni Petn di hes were use! for all plate work 


•The antibiotics were dis«ol\ed in «terile Iistill>*d xNater Tbev include! tlie pota® lum 


salt of benzjl penicillin 
Ina) chlortetracjcim 
iChas Pfizer S. Co ) 
Da^ns Co ) neomjc 
plucoheptonale (Eh L 
and novobiocin sodiun 
group were prepared 
more than one week. 


G (Chas Pfiz'T Co ) 


dihvdrostreptorajcin sulfate (Merck & Co 
oratories) orjaetraocline hydrochlon if 
s. Pfizer i Co 1 chloramph«»nico! (Park»» 
icitracm (Th<» Upjohn Co ) er>'throm>cm 
I> ^ Co ) xancomycin (Eli Lilly 4- Co ) 
of chloramph‘*nicol and the Istracvcline 
solutions were stored at 1»* C for not 
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White blotting paper (substance 160) was cut into strips 6 mm. wide by 30 inm. or 
75 mm. long. These strips were sterilized, dried, and placed in a fresh aqueous solution of 
antibiotic. The excess fluid was poured off and the strips were partially dried one hour 
at 37° C. They were used immediately.* The concentration of the antibiotics in the strips 
was adjusted for each bacterial strain to give a zone of growth inhibition 2 to 7 mm. 
wide around the strips.! 

Plates containing 15 ml. of agar were inoculated with 0.5 ml. of a 1:100 dilution of an 
IS-hour broth culture and incubated at 37° C. for one hour (until the surface appeared 
dry). One paper strip (6 x 75 mm.) containing an antibiotic was then placed across the 
diameter of the plate. Three shorter strips containing other antibiotics were placed at 
right angles and touching the long strip. The plate was incubated 18 hours. The zones 
of growth inhibition were measured and the bacteriostatic growth pattern at the junction 
of the antibiotic strips was recorded photographically.} These were then interpreted as 
showing no combined effect (right angle), addition (rounded corner), synergism (corner 
cut off straight), or antagonism (tongue of growth) as shown in Fig. 1. The paper strips 
were then removed and an imprint of the growth on this original plate was made with 
a velveteen "stamp” and transferred to a sterile agar replica plate. This replica plate was 
incubated IS hours at 37° C. The zones of growth inhibition were measured and the bac¬ 
tericidal growth patterns at the junction of the antibiotic strips were recorded. 

RESULTS 

The bacteriostatic susceptibility of the 30 strains to 12 antibiotics is given 
in Table I. Tliere was a high incidence of strains resistant to the antibiotics 
commonly used prior to 1954 (penicillin, streptomycin, and the tetracyclines). 
Bacteriostasis was achieved at the lowest average concentration by novobiocin, 
lancomycin, and erythromycin. Table II represents the bactericidal activity 
of the same 12 antibiotics. The most active bactericidal antibiotics wei’C vanco¬ 
mycin, neomycin, and bacitracin. 

Table III reveals the action of 12 antibiotics in all the possible paired com¬ 
binations by the agar diffusion method. The cases with no combined effect are 
not shovui and represent the difference of the totals from 100 per cent. The 
antibiotics ai'c arranged in order of decreasing addition of bacteriostatic activity. 
Combination of 2 antibiotics usually showed no potentiation if the staphylococci 
were resistant to one or both antibiotics. Thus the incidence of addition was 
low with streptomycin, penicillin, and the tetracycline groirp. Vancomycin, 
neomycin, and streptomycin showed greater additive potentiation of bactericidal 
activity than bacteriostatic activity. True sjTicrgi.sm Avas infrequent with any 
drug combination and antagonism was rai'e. Bacteriostatic antiljiotics did not 
antagonize the ant}l)acterial action of the bactericidal antibiotics. Penicillin 
and streptomycin had no synergistic activity against these rather resistant 
strains of staphylococci. 

•Varioii.*: metliotl.-: of preparing antibiotic strips in advance were tried. Tlie best metliod 
was to freeze tlieni at -5° C. immediately after pourinpr off the excess fluid Attempts at 
drvinp at room temperature, in an incubator at 37” C. and by auich-freezins at -70” C. 
with dryinp under vacuum at room temperature all re.sulted in con.siderahle loss of activity 
of .some’ of tlie nntil>iotic.>!. 

tTlie concentration of tlie anliblotic.s per milliliter wa.s a.s foilow.s: penicillin 5. 10, 20. 
or 30 units: .»treptomyrin 100 or 200 meg.: the tetracycline gi'oup 100 or 200 meg.; clilor.im- 
plicnicol 50 or 100 meg.: neomycin 2 mg.: bacltr.acin 20 units: crj’thromycln 100 or 200 
meg.: cycln.«erine 200 meg.: vancomycin and novobiocin 100 meg. 

±Thc plate was exposed on Repro-Xegative Kodagraph Extra Thin Paper. Kastman 
Kodak Co.. Rochester, N. Y.. with a photoflood latnp. Tlic paper wa.s then developed, dried, 
and mounted. 
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I MU F I BaCTLI lOSTATIC VcfUlTi 0> IJ VNTIBIOlUlh AfAINST 'IO HOSIllM SfFMNS 

Ot &TA1H\I<0C0LCUS AUI HJS (lUBL MfTJIOD) 



Streptoiincin | . 

IViueillin I 10 3 ( 'i7~[ 

•Number of strains vtio^e proutii wns f>ui pressed Me Han point enclosed b> sfiuan 

Iahif it ruE BACTFriciDM ACTIVITY ot 12 Antibiotics Against 30 lIosriTAi Str\ins oi 
STA rimoCOCCUS AUFEUS (Tube DiIUTION METHOD^^ITH Subcultufe) 


1 CONCENTPwVTION in UMTS OP MCQ PEP SIILLILITEI 


B 
h 
N 

OxjtetT'vcjclinc 


letrac\chnc 


CluortetracjcUne 1 



____I_ { 

Cjcloscrine 4 1 

Chloramphenicol 2 1 

•Number of strains killed Mciian point enclosed b> square 


Tablf ITT Action or 12 Antibiotics in Pairs on 30 Stpains of Stvpii\lococci 
(Platf JIituob) 



PEP cfnt 

APDITIVE 



BVCTEPIO 

static 

BVCTEFI 

CIDAL 





Cycloserine 

JJ 2 

50 3 


8 8 

06 

1 2 

Chloramphenicol 

53 0 

53 0 


45 

06 

1 8 

Bacitracin 

52 4 

512 


G 1 

09 

1 2 

\ anconncin 

51 2 

68 2 


58 

0 G 

00 

Erythromycin 

47 3 

49 7 

4 2 

G 1 

0 3 

3 J 

Novobiocin 

43 6 

41 2 

58 

5 5 

1 8 

73 

Chloitetrac) clino 

42 7 

35 2 

24 

(. 1 

0 3 

1 5 

Penicillin 

JG 7 

36 7 

48 
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Table IV shows the incidence of addition of both tlie bacteriostatic and tlie 
l)actericidal activities of 66 paired antibiotics against .10 strains of slaphylo- 

cocri. 

T^bi.k IV. I.NCiacNCE or Addition or BAcruno-STAnc and BAUTEinciDAL Activities or 12 
Antibiotics in Paiks Ao.mnst 30 Strains or Staphylococci 
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bactfriostatic 


Koy to symbols: Cy—cycloserine, C—chloramphenicol, B—bacitracin, V—vancomycin, 
n—ci ylhromycln, No—novobiocin, CT—chlortctracycllne. P—penicillin, N—neomycin, T— 
tetracycline, OT—oxyietracycllne, .S—streptomycin. 

The numbers represent the number of ."strains of staphylococci that .showed addition 
with a pair of antibiotics Note that the tot.al number m Tables IV, V, and VII Is usually 
less than 30; the difference eciuals the number of cases with no effect. 


Tahle V. Incidence of Sy.nf.rgism of Bactfrio.static and Bactericidal Activities or 12 
.V.ntidiotics in P.urs Against 30 Strains or STAriiYLococci 
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IIACTLT.IO.ST.tTIC 


S.'i T.ibic IV for key to F>mlK)1s 


Table V is a suinniary of the ineidenee of synergism of botli the baeterio- 
.statie and tlie bactericidal activities of all the jiossible combinations of the 12 
antibiotics in pairs. The incidence of synergism was not as frequent as has been 
rejiortetl by others.'"' This may be the result of our more exact definition of 
svnergism as well ns the relatively high Te.si.stanee of our hospital strains of 
staphylococci to many antibiotie.s. 
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Tabic VI gi\es a tot il ol tlie data fiom Tables H and V and sho^\s a closer 
acicement ^Mtll the high incidence of “s'viiergistic ' actnitT (potentiation) found 
b\ others 

T\BLF ^ I InCIILNCF of VlDlTlON OP SWEPCISM Ot B VCTLIIOSTVTIC AND BvCTEPICIDVL 

VcTUiTiES 01 12 Antibiotics in P\irs Vcainst 30 Stp^iss of STyiiYLococcr 


DACTEPICIDVL 



^ee Table I^ for kej to «jTnbols 


I \BiF VII Incidfnce of Aktvgonism OP Bxctffiostvtic vnd B\CTEriciPVL Activities oi 
12 Antibiotics in Purs Against 30 Stilvins of Stapittlococci 



B \cTEriosT vne 


See Table rV for Kej to ^jmbols 

Table presents the incidence of antagonism of antibacterial actmtv, 
both bacteiiostatic and bactericidal The incidence of antagomsm was generalh 
^en low It was most fiequeiit -when the bactericidal actititj of no^ob^ocm 
combined "with eijthrom'tciii, tetiacjcbne, oi cliloiamphcmcol ttas measiued 

DISCUSSION 

As sbo-wn in Table I onh 10 of the 30 stiains of staphjlococci were suscep 
tible to penicillin Cross resistance to streptomtem occuired ivith 80 per cent of 
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the ]>('nifilliii-resistant si rains and 20 per cent of tlie penicillin-snsceptible 
strains, (’ross-resistance to eliiortetracycline, oxytetraeyclinc. and tetracycline 
occurred in 20 per eent of the penicillin-susceptible and 70 per cent of the 
pi'nicillin-rosistant strains. Cross-resistance between the 3 antibiotics in the 
tetracycline grouj) occurred in all but one resistant .strain. 

The combined activity of any two antibiotics usually was not enhanced if 
the strain of .staphylococci was highly resistant to one or both antibiotics. There- 
for(‘ synergism was infrequent between penicillin, streptomycin, and the 
tetraeyeyline group. As yet re.sistance to the other antibiotics is not frequent, 
chiefly because they have not been uidely used. The ability of staphjdocoeci to 
become resistant to the new antibiotics has becTi proved in this laboratory and 
others.'-'' The value of new antibiotics in combinations probably will diminish 
as resistant strains of stai>hylocoeci increase. 

In the case of those antibiotics to Avhich the 30 strains of staphylococci 
showed a wide range of resistance, the broth dilution and agar diffusion methods 
of determining resistance generally .showed a fairly good correlation. lYhen the 
range of resistance was small, the two methods often gave results that were not 
in close airreement. 

The presc'iit study indicates that antibiotic combinations in general may be 
ex))ectod to have greater antibacterial activity against most ho.spital strains of 
staphylococci than one antibiotic alone. The potentiation is usually only additive 
and not truly synergistic. The use of combinations of antibiotics in treating 
stn])hylococcal infections seems to delay the emergence of resistant strains of the 
organism.’® One need not fear that bacteriostatic antibiotics Mill interfere uith 
bactericidal antibiotic.s. 

The ro.sults shown in Table VI indicate that the most frequent enhancement 
of the antibacterial activity of antibiotics in pairs occurs uith the neu'cr anti¬ 
biotics, to Miiich the hospital strains of staphylococci arc most susceptible. These 
combinations include novobiocin M’ith vancomycin, bacitracin with chloram- 
j)henieol. and erythrom.vcin with cycloserine. 

3Iany of the reports by others u.sing paired antibiotics against staphylo¬ 
cocci are not in clo.se aareement with the results of this stud.v. The probable 
reasons for this disagreement can be found in the u.se of different methods, in 
the varyilur detinitions of .synergism and in the fact that our study was dour 
with relatively resistant strains .such as arc now common in mo.st ho.spitals. 

SUJIMAUy .\XI) COXCI.U.SION.S 

1. Thirty hosjjital strains of Sinphylocorens aureus were exposed to 12 
antibiotics, both singl.v and in (50 paired combinations. Antibacterial activity 
was measured by tube dilution with subcultures as well as by agar diffusion from 
pa|)er strips with replica jdatiiur. The combined effect of the paired antibiotic.s 
was.iud"fsl from the growth patterns around the paper sirij)s. 

2. A hiirli desree of resistance to i)cnieilliti, streptomycin, and the letra- 
cvcline urotip was frequent. rross-re.sistanee M'as common to these antibiotics 
Ticsistaiice was rare to the newer antibiotics. 
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3 Bactciiculal actnit} A\as tiiost inaikcd ^\]th nco!n\uii, \ancoiinun, 
< 111(1 liacitiaciii 

4 TJie 12 .intibiotics in jiaiis laith sliowttl .nitnjs^onisin ui batlciiostatic or 
bacteiicidiil action Tiuc s\ncigism a\.is seldom lonnd uitli the accniatc papci 
stijp-agai diflusiou inctliod Addition of hotli the bacteiiostatic and the bae 
toncidal actiMties ^\as iiLiiiicni i\ith all sliains ot staphjlococci susceptible to 
both antibiotics Antibiotics to A\hich the strains ot staplnlococci ^\eiG highl\ 
lesistant Iiad little oi no efleet in a conibinatioti 

5 Enhaneeinent of anlibacttiial acti\il\ against staplnlococci i\as most 
fic(iuent \Mtli the combinations of noxobiocin \Mth \anconncin, bacitiaein ^\lth 
chloiiimjihcnicol, and ciNthioinjcin with c\closciinc 
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SERIAL SERU:\I GLUTAMIC OXALACETIC TRANSAillNASE (SGOT) 
AND ELECTROPHORESIS STUDIES IN THORAZINE- 
INDUCED JAUNDICE 

(;i’.itAi.i) Kksslkk, Ph.D., Pniup Hai.pi^rn, Pu.D.,^ and Hknry Bropy, M.D. 

PniLADELPurA, Pa. 

T he use of Tliorazinc (elilorproinazine hydroclilorirle, 10-[y-climethylaniino- 
pi-opyl] 2-chlorplieiiotlnazme Iiyciroehloride) in a great variety of clinical 
cfinditions lias become widespread. Certain side effects have come to light, 
such as drowsiness, nasal congestion, constipation, rash, postural hypotension, 
and jiaralysis agitans. Of jierhaps more serious nature is an alteration in 
liver function. 

A number of cases of jaundice following the use of Thorazine have been 
reported.'"^ Studies of liver biopsies'’-® have suggested that the anatomic 
lesion is of the obstructive type, with centrilobular distention of bile canaliculi. 
Menguy and his associates," from experimental work in dogs, have suggested 
that the cholestasis is due to increa.scd resistance of the choledochoduodenal 
spliincter, related to the depressing effects of elilorproinazine on duodenal mo¬ 
tility. The occurrence of eosinophils in the cellular exudate usually found has 
suagested that the reaction to the drug maj- be on an allergic basis. The 
anatomic lesion is not unlike that described in the rare case of jaundice fol¬ 
lowing the use of cinchoplicn,® thiouracil,® or methyltestosterone.^ 

The problem of distinguishing the jaundice occurring during Thorazine 
therapy from extrahcpatic obstructive jaundice may be a difficult one. Liver 
function tests have indicated a raised direct and total bilirubin, and an in¬ 
creased alkaline phosphatase level. Recently, the determination of the amount 
of glutamic oxalacetic transaminase (GOT) in the blood scrum has been pro¬ 
posed as a useful study in the differentiation of obstructive and cytotoxic 
jaundice.’’-'^ Although in the jaundice of viral hepatitis or acute yellow 
atrojdiy exceedingly high values for SGOT are obtained, in obsti-uctive jaun¬ 
dice the serum levels are increased only moderately. In a recent paper dis¬ 
cussing SGOT changes in liver diseases,” it was stated in the conclusion that 
the serum levels wei-c increased in Thorazine jaundice. Data were not re- 
jiorted. 

RE.SUnTS 

■\Vc recently had the opportunity of following serially the chemical 
changes in the blood in J ]iatients who became jaundiced in the course of 
thera]w with Thorazine. We tluuight it tuight i)rnve of value to report the 
findings in these cases. 

Krcm tb^ of Tviborri.t<*rlcs Allj^rl KIn»t**in Cont/^r, Xortbern DKJ- 

rb-n. rhllBdf'lphlfU Pn. 

for Jan. 25. 1^57. 

'PrirJe 5^'"* X. Park A\*'. I*:i. 
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C\SE 3—A JljearoUl \\liitc A%omiii had rccentd Jo uij; of Ihorazine 3 times dailj 
since March 5, 1930, for a depressieo state On Itlnrch 25, she consulted her phjsician because 
of nausea, innlaisc, and fc\cr Slit Txas not clinicallj jaundiced Plnsical examination 
>Mis entirely negative She vias given tctiacjthnc m dosts of 250 mg ever} 6 hours 
rv\o dajs later, the patient returned, complaining of 'veakness and anorexia Jaundice 
v\ns then evident Neither tho liver nor the spleen were palpable Thorazine was discon 
tiiiued, she vias placed on a high protein, high carbohydrate diet supplemented with large 
nnioiints of vitamins At no time were the stools acholic At the height ot her hyper 
biliriibincmin, the urine contained bile, and test for urobilinogen nns positnt at a dilution 
of J lf)0 Pruritus uas nunimal Ity April 1C, the patient hid made a clinical recovery 



Fig 1—Case 1 Serial determination of bilirubin alkaline phosphate and SGOT 

The alterations m liver function are presented in Table I The increases in bilirubin, 
serum alkaline phosphatase, and serum transaminase were maximal when determined 2 day s 
after the clinical appearance of jaundice The transammaso level was m tho range that 
has been reported in obstructive jaundice, it returned to normal vrhile the bilirubin and 
alkaline phosphatase were still significantly elevated (see Fig 1) Tho thymol turbidity 
nas never elevated, while the cephalin flocculation showed an insignificant rise at first, 
and then a slight increase when tho bilirubin and enzyme levels had returned to normal 
At all times the test for lieterophil ontibodics was negative The chemical determination 
of blood proteins showed no significant abnormnlitv By paper electrophoresis, howev er, 
an inversion of the albumin globulin ratio was found, which was not reversed until the 
other liver function tests had returned to normal The inversion was due largely to i 
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first 10 days of the patient’s jaundice. The bilirubin levels suggest that by the finic this 
patient was admitted to the hospital, the jaundice was already decreasing. As examina¬ 
tion of Table III and Fig. 3 indicates, the fall in bilirubin, alkaline phosjihatase, and 
b'GOT was more or less parallel, although the SGOT readied normal levels slightly before, 
and alkaline phosphatase slightly after, bilirubin. Cephalin flocculation, thymol turbidity, 
scrum cholesterol, and heterophil antibody reaction were not significantly altered. There 
was slight elevation in Broinsulphalein dye (BSP) retention in a single determination at 
a time when .SGOT, alkaline pho.sphatase, and bilirubin were still significantly elevated, 
though on the downgrade. Subsequently, the BSP returned to normal. Throughout the 
period of study, the gamma globulin was elevated. 



Fig. 3.—Case 3. Serial determination of bilirubin, alkaline pliosphate, and SGOT. 

On admission, a calculus obstructive jaundice was considered, but this became un¬ 
likely despite a nonfunctioning gall bladder on roontgenographic studies. One week after 
admission, she was transferred from the surgical to the medical service, where the differen¬ 
tial diagnosis was considered to lie between infectious hepatitis of the cholangiolitic type 
and Thorazine hepatitis. The enlarged spleen was difficult to interpret. Studies of 
peripheral blood and bone marrow appeared to rule out a blood dysernsia and hemolytic 
crisis. A liver needle biopsy, done on the twelfth hospital day, shou-ed only pericentral 
cholestasis. No cellular infiltrate was found, and no necrosis. The histological picture gave 
no support to a diagnosis of hepatitis, of any origin, but, rather, was consistent with 
extrahepatie biliary obstruction. The patient developed an ascending urinary tract infec¬ 
tion while in the hospital, for which she was treated. After almost one month in the hos¬ 
pital, she was discharged without definite diagnosis as to the nature of her jaundice. 
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DISCUSSION 

Til Caves 1 atid 2, lu wiwcli the diagnosis ot Thoia/un. induced hepatitis 
appeal’s faiili ceitain, esiimiiiatioii of Tallies I and II and Figs 1 and 2 slions 
(lie SCOT leiel inodei.iteh ehiatcd slioitls aftei the ajiiieaianec nf lanndite 
and falling off lajndlj, uith ictuin to noinial lipfoie the bilnubin oi alkaline 
pbospbatasc laliies iicic again in the iioiinal laiigc Bj coiitiast, Case 3 (Table 
III and Fig 3) still slioiicd an delated SGOT some iveelu> aftei 3 aundieo de 
lelopcd, a tlattei tipc of ciiiie, nitli nioie giadual ictuiii to normal, and closei 
eoiiespondence iiitli the ennes foi biliinbin and alkaline phosphatase Iciels It 
IS nnfoitnnatc that it iias not possible to liaie data dniiiig the peiiod of caih 
laiindice, so that the entiie cniie could haie been plotted It Mould liaie been 
impoitant to know the peak of SGOT Although the clinical diagnosis of Thoia 
aine hepatitis lias neiei discaided in this ease, it docs not appeal a likelj one 
Ceitainij', the liici biopsy lends no supjioit The beliaiioi of the SGOl diffeis 
111 this case fioni the otliei tno It Mould, doubtless, be desiiable to bait 
iiianj more cases of Thoia/inc induced jaundice to establish a pattern If that 
demonstrated bj the fiist 2 eases iicie eonsistcntlj found, le, shatp fall of a 
moderately elciated SGOT, it Mould pioie an excellent and inialuable tool in 
establishing the diagnosis of Thoia/inc induced hepatitis It is hoped tint 
this lepoit Mill stimulate othcis to obtain such infoimatioii 

The addition of SGOT detcimin ition to the usml battciy of Inei fiinitioii 
lists niaj pioio of gie.it nine in helping to dilcimine if | niiidiic dcicloinng 
111 the com so of Tlioia/inc theiapj is i elated to the ding, oi to coiiioidontal 
extialiepatic obstiuction The lapid icliiiii of BOOT titci to iioinid appeals 
to bo smiilai to that dcsciiliod follouiitg acute mjoeaidial infaietion, and to 
that seen due to the toxic effect of diugs, c g caibon tetiacliloiide,” and 
heaxy metals upon the Inei The dissociation of the tempoial eiiiies foi 
SGOT, and alkaline pliosphitase and biliiubin maj pioie of gie-it nine in the 
diftei cntial diagnosis 

suxni my 

I'liiee cases of laiindice dci eloping in the com sc of 'Ihoia/iiie theiajij 
Mcie folloMcd by sciial detei minations of seiiim glutamic oxalacetic tiaiis 
aminase, blood pioteiii fi actions bj papei clccti ophot esis, seium biliiubni, and 
alkaline phosphatase Of possible diagnostic help xvas the finding in cases of 
Thoiazine induced jaundice of a iiiodciate use in SGOT lei el, and its rapid 
1 etui 11 to normal Mhile the bilirubin and blood alkaline phosphatase levels 
iieie still significantly inei eased 

We Misli to express our appreciation to Urs J Sclilcj, S Siegel, and E B LeUmn for 
the clinical data in their cases 
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EXPI:RIE^X'ES IN Hb.ALVN BEIXGS WITH AX IMPROVED FAT 
EAIUESION FOR IXTRAVEXOCS ADMINISTRATION' 

John F Mi i-i Lut, AUior MC, I SAR* 

Dewlr, Coio 

l\TRODLCTIO\ 

T he need foi a paientoial solution of hijrli caloiifTtnic \alue !*» x\cll ac 
teptod The ineioased inteicst in freriatric problems as nell as the e\ 
teiisnc suigeij that is jiossible toda\ makes the perfection of such a prepara 
tioii e\en more urgent Ko\\e\ci, the \er\ fact that there is not a\ailable on 
the market toda\ a fat emulsion for intra\cnons use emphasizes the pioblems 
m its piodiiction on a commeici.il b.asis These pioblems ha\e centeied about 
the physical stability of the emulsion and adMisc leaetions to it in the lecipi 
out 

Numeious rcpoits ha^c appc.ared in the medical literature conceining 
both the piepaiation of ^auous irpes of fat emulsions, as %\ell as then use in 
animals and humans It is not n\y puipose to lenew this liteiature, houe^ei, 
the inteiested leadei is refeiiod to the excellent monograph by Freeman’ 
on this subject Tlie purpose of the picsent paper is to report oui expeiicnccs 
uitli an impio\ed t.it emulsion prcpaied b\ The Upjohn Compan\T and con 
tiast it to oui pieMous expoiienccs mtli a less satisfactory, but similar, 
product piepaied by the same compam Since recent laige scale clinical le 
ports ha^e appealed uith somewhat conflicting data on reaction lates 
utilizing diffeiont types of emulsions* * it is felt that this report wall supph 
iuithei iiifoiination on which an nppiaisil of the piaeticability of such a 
pioduct can be based 

METHODS 

Tiie subjects lufused with the fat eniuJ«ion were a heterogenous group of Iiosjn 
tahze 1 p'itient‘5 on tlie wards of the Colorado General Hospital, Den^e^ General Hospital 
and the “N eterans Administration Ho pital of Deader A 'mall number of normal \ol 
unteers were ■studied on the metabolic ward of the Ignited States Arm> ifedical >.utn 
tion Laborator\ The majoritv of the ho pitalized patients were on the Surgical Service 
and represent a great ^arlet^ of •surgical and medical problem® The' were mfu ed some 
times before and sometime- after surger\ >*o attempt was made to select patients, either 
according to di«ea«e or to «everit\ of illne except for 6 cirrhotic patient® In manv 
instances the patients were recet'ing other intra\euous fluid-*, as well as 'arious medica 
tions Xo attempt was made to alter the preexisting medical regimen The fat emulsion 

From the U S Vmij Aledical Nutrition Laboratory 

The opinions expressed in this paper are those of the author and do not neces<*arilj 
represent those of anj go'emmentaJ agency 
Receued for publication Jan 2S 

•Pre«ent address Department of aiedicine Lni'ersity of Cincinnati Cincinnati Ohio 
♦The author wishes to thank Drs E 4. Hawk and R, "W Helnie of The Upjohn Co 
Knlamazoo ilichigan for their genero«it> in furnishing the fat emulsion Lipomul 
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\\!ib yiveii meiely us an adjiuaut. Many subjects liiul more than one infu'-ion, altliougli the 
majority received only one, since we were jirimarilj interested in acclimiilatiiiK data on re¬ 
action rates. Only in special instanee>. was the maleiial niveii for therapeiific jnirposes over 
a long period of time. 

The fat emulsion, Lipoimil. eontaiiied l.l per cent cottonseed oil, -I per cent gluco-e, 1.” 
per cent soybean phosphatide, and O.d per cent Pluronic F fiS. It was Iiottled in 600 ml. 
(|uatitities which, according to the formula, jirovided aiiproviinately 000 calories per bottle. 
Since comparison will be made between an improved emulsion and an older one, reference 
will be made to the “old’’ emulsion and the “new’’ emiil“ioii. The fonniilatioii of the 
l•mtllsiolls is precisely the .same. The difTerenee between the two resides in the jmrifii’alinn 
of the soybean phosphatide incorporated into the new emulsion. 

Although minor variations are unavoidable when studying such a hospital pojiiilnlioii. 
an atteiujit was made to staiidardi/e tin actual administration of the emulsion as mueh as 
jiossible. The infusion was alvvavs started with a solution of .5 per cent devtrose dissolved 
in water. The cmulsilied fat was then ailmitted to the system via a needle in the rubber 
adapter. If other fluids were being given, the fat was preceded and followed for an hour 
by 5 per cent dextrose and water. Saline was carefully avoided in the system to prevent 
“breaking” of the emulsion which occurs in the (in vitro) presence of electrolytes. A 
total of GOO ml. of emulsion were given over a olO-hoiir ])eriod, starting at a rate of to 
10 drops per minute for 20 minutes. If no reaction occurred, the rate was increased to 
30 drops per minute for atiothcr 20 imiiutes. If the clinical eonditioii at (he end of this 
period of time pennitted, the rate was increased to 6S drojis per minute for the remainder 
of the infusion. Body temjieralure, jiulse, blood jiressuro, and respirations wore ineasiired 
at 20-mitmte intervals for the hour before and the hour after the institution of the in¬ 
fusion. Thereafter, these vital determinations were performed at hourly intervals for 
the next 11 hours. A phvsieian was in attendance throughout the entire infusion in etieh 
ease. 

When an adverse reaction occurred, the infusion was immediatelv stopped. If the 
situation demanded, approiiriuto medication.s were administered. In the great majority 
of instances, simply stoiiiiing the fat sufliced and reinstitution of the infusion was 
possible. 


T.vni.n I. Ghaut Pf.picting Kkaction Katks Using the “Oi.o” axu “New” Fat EttHEKins 

FOtl INTKAVESOUS ADMlNtSTllATION .VCCOUDl.NG TO NUMllEU OF StJIUECTS 
AND NUMUEU of IN’FFSIOS.S 


E.VtULSION j 

1 OLii (AUG., 19.1-1-nF.c., 1955)’ ] 

1 NEW (.IAN., I950-OCT., 

1950) 

Number of Infusions I 

293 




362 




Number of .Siibjeet.s j 

110 




151 
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1 FKn. 

OK 

FKIl 

o> 1 
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OF 
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INFU- 

[ INFU 

suit- 

suit- 

IN'FU 1 

IN’FU- 

SUH- 

SUB* 

r.RAOTIONS 

SIOKS 

1 SION ' 

JhCTS 

JFCT 

SION'S 1 

SION 

JECTS 

JECT 

Fevoi 1 

45 

15 

32 

29 

60 

17 

45 

29 

Cliill 

21 

7 

1.S 

16 


.6 

o 

1.3 

Back and chest pain 

.IS 

13 

33 

30 

0 

0 

0 

0 

Flushing 

7 

O 

7 

6 

1 

.3 

1 

.7 

Nausea and vomiting 

15 

5 

14 

13 

4 

1 

4 

2.6 

B.P. rise and fall 

20 

7 

14 

13 

0 

0 

0 

0 

Bvspnca cyanosis 

14 

5 

14 

13 

0 

0 

0 

0 

Shock 


0.7 


o 

0 

0 

0 

0 

Bash 

0 

0 

0 

0 

1 

.3 

1 

.3 

Miscellaneous (tw itching. 









itching, hives, abdoni. 









cramps) 

6 

2 

6 

5 

3 

..s 

3 

O 

Over-all 




51 




33 


•The autlior is indebted to Dr Hiifro Moeller and Di. Moiton Grossman foi sonic of tlie 
data on the "old” emulsion used in this repoit. 

(Over lOO.C orally or 101.6 rectally. 
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RESULIS 

'lablo 1 depicts the lecoided obsciAatioiis ■\Mth the 2 emulsions in a com 
paiable numbei of subjects It is clem that there is a stiiking deciease in the 
o\ei all leaction latcs uith the new emulsion as compaied to the old one This 
IS fuithci exemplified bj the fact that onlj 3 of 862 infusions could not be 
completed with the ncu emulsion, as compaied ^\lth 23 of 293 that could not 
be completed uith the old emulsion Since those infusions which wcic diseon 
liiuicd weic complicated bj sc\cic leactions, most of these patients were not 
lunfuscd, this makes the abo\c compaiison (\en moie stiikmg 

The Aanous tjpes of leactions encountcicd during the intiavenous ad 
ministiation of emulsified fat ha^c been dcsciibcd adequately by othcis Often 
an attempt has been made to catcgoii/c some of the leactions into gioups, e g, 
“colloid reaction,” and “histamine leaction ” For puiposes of claiity and 
compaiison, each sign oi symptom wall be discussed separately, although it is 
lecognizcd that many of the reactions may well be on a common etiologic 
basis 

TYPE A^D INCIDENCE OP REACTIONS 

It Will be noted in Tabic I that data aic given for the saiions leactions 
accoidmg to numbci of infusions and number of patients This indicates 
that some subjects leceiscd moic than one infusion The consistently lowei 
salue foi per cent per infusion as compaied to pei cent per subject leflects 
the often noted phenomenon of toleiancc Thus, most reactions occur on the 
first infusion and are much less likely to occui dining successive ones 

Fever —A rise in bodily tempeiatiuc above the preinfusion morning tern 
peiatuie occurred in o\er 95 per cent of out subjects However, since diurnal 
use m body tempeiaturc is a common occurrence, and we were studying pii 
manly a group of hospitalized patients who might be expected to have some 
fe\er fiom their primary' illness, it was necessary that a significant febrile 
leaction be defined A rise in tempeiatuie of 2° F was not acceptable since 
many of oui subjects had a morning tempciature of 97° F and a rise to 99° F 
ceitamly could not be consideied an adveisc reaction Hence, it was aibi 
tiaiily decided that, to be consideied a significant febiile leaction, the tern 
perature must use in the 12 hour obscriation period at least 2° F over the ac 
cepted normal rectal temperature of 99 6° F, oi at least 2° F o\ ei the eon 
trol tempeiatuie if that control temperature was above 99 6° F rectally 

Using the above ciitena, 29 per cent of the subjects developed fever as 
a consequence of the infusion of the old emulsion as compared to 29 pei cent 
with the new emulsion The per cent pei infusion is 15 and 17, respectn ely, 
for the two piepaiations The fact that there is little difference in the febrile 
icaction rate between the two emulsions is considered important and will be 
icferied to later The natme of the febrile reaction, hoivevei, did differ some 
what in the two instances "With the new preparation, all of the significant 
tempeiaturc uses occuried as a late manifestation, often 2 to 4 hours after 
the infusion had been completed Although this was often true with the old 
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oiiivilsion, 13 per cent ol! tlic felirilc reactions did occur during llic course of 
the infusion. However, tlie liciglit of the 1em])ci'aiuro ilse was not .signifi¬ 
cantly different (Fig. 1). 

It was interesting that, iii most instanee.s, tlie sui),icct.s wore unaware of 
the fever except when it was aceomi)anicd by a chid or was markedly elevated. 



Fig. 1.—Tlie incidence of the liigho.st recliil loinpemiiire which occurred as a rcMill of the 
first Infusion of an “old” and “new** fat emulsion. 

The duration of fever was variable but, for the most part, lasted only an hour 
or two. It was most comnnm for the tomijeraturo to rise ami fall rather 
rapidly. 

Chin. —Sixteen per cent of the subjects with the old emulsion as com))ared 
to 1.3 per cent with the new on(‘ experienced elnll as a (•omi)liealion of intra¬ 
venous fat. The chill was d(;layed in tlic two subjects receiving the new emul¬ 
sion. 

Pain .—^IBack pain was the second most common j-eaelion witli the old 
material. It occurred in 30 per cent of the subjects a7id 13 ])oi’ cent of the 
infusions. This typo of i-caction has not t)cen observed in any of our ])atienl.s 
receiving the new preparation. Tlic reaction, when it occurred, was aeiilo. 
often appearing after only a few drops of the material liad been given ami 
always within the first few minutes. IMo.st sulijeets described it as a colicky 
or griping pain in the lumbosaciad area. Karely, it would occur across the 
chest or down the legs or arms. It was a frightening experience for the pa¬ 
tient, but fortunately would subside within a few minutes after discontinua¬ 
tion of the infusion. No objective findings accompanied the pain and. as far 
as we know, no subsequent disability in any form occurred. Keinstilution of 
the infusion was pos.sible in all imstances without a recurrence of the synijitom. 

Flushing .—Six per cent of the subjects and 2 per cent of the total in¬ 
fusions were complicated by a fin.sh with the old emulsion, while only one pa¬ 
tient out of 151 experienced this phenomenon with the present one. Although 
uncomfortable to the subject, the fiu.sh disappeared promptly with teiiijiorary 
abandonment of the infusion. 

Nausea and Vomiting. —^^i'his set of advei'.se reactions occurred in only 2.6 
per cent of our subjects with the new preparation as eontra.sb'd to 13 per cent 
of the group receiving the other. Nausea and vomiting generally oecnri'cd 
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after the infusion had been completed, although on sc^olal occasions one oi 
the othei uas the cause of pcimanent discoiitimiation of the fat The effect 
of the lntIa^ enous fat on appetite uas diHicult to assess Some patients would 
c it heal til} immediatclj aftci cninpletion of the injection, while othcis com- 
])lained of anoiovii In the lattoi ease, the appetite had alwnjs ictuincd bj 
the e\oning mealtime 

Blood Picssuic Vaiiaiwus —Again, aibitiaiy limits had to be placed on 
those \aiiations m blood piessiuo which would be considered abnoimal and, 
thcicfoic, a leaction to intia\ enous fat A use of 40 mm Ilg sjstolic oi 20 
mm Hg dnstolic oi a fall in sj stohe blood piessiuc of fiom 20 to 40 mm Ilg, 
depending upon the control Ie\ol, was consideied a leaction Utili/mg these 
ciitoiia, 13 pei cent of the subjects and 7 poi cent of the infusions weic com 
plicated bj significant blood picssuic changes when the old emulsion was ad 
mimsteicd Thcic wcie no such changes obseiicd with the new emulsion 
Of all of the aaiious icaetions foiincily obscued, the use in blood picssuic 
seemed to be most closch ulatod to latc of infusion and almost alwajs could 
be loweiod bj dcci easing the flow 

Dyspnea and Cyanosis —The sjmptoin sign complex of dyspnea and cya 
nosis ocelli led in 13 pci cent of the subiccts and 5 pci cent of the infusions 
when the old emulsion was administcicd None of the patients weie thus af 
fected with the now prcpaiation Those icactions occmicd eaily in the course 
of the infusion and often svcic sovoio enough to prompt permanent discon¬ 
tinuation Appropiiate medications such as antihistamines, adrenalin, ammo 
phjlhnc, and oxygen woic utili7cd on occasion ns necessary Although it 
would be difficult to state definitely which medicament, if any, was efPcetne 
on such a small gioup of patients, piompt discontinuation of the emulsion un 
doubtcdlj was most impoitant 

Shock —A full blown pictuie of aiiaphjlactoid shock was seen lU 2 of oui 
patients iccening the old emulsion Both lenctions occuiicd within the fiist 
3 minutes of the infusion Foitunatclj, both patients sunned without any 
olnious sequelae IIowc%ei, thcie is no doubt that, without immediate at 
tention in both instances, a due outcome could have been expected No such 
icactions liave been cncounteied with the emulsion piesently employed 

Rash —This icaction had nc\ei been obser\cd until locentl} in one child 
icccning the new emulsion It was of the el^thcma multifoimc ^a^letv, 
inodeiatch piuiitic, appealing after appioximatcly 30 minutes of the injection 
time had elapsed Attempts weie made on 5 diffeient occasions to administer 
the fat, but the lasli appealed each time Piompt subsidence of the eiytliema 
would follow discontinuation of the emulsion Pnoi and simultaneous adminis 
tiation of intiavenoiis antihistamines was incftcctm Plans to skin test the 
(hild with each ingicdiowt of the cmwlsioii weic intciiupted h^ dischaige fiom 
llie hospit )l 

Miscellaneous —3wo bizaiic leaitions were obbCi\ed with the new piep 
aiation which leqiuic fiuther mention A 34 yeai old woman with advanced 
Laennce’b cuihosis of the h\ci was infused on 4 difCcicnt occasions With 
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efich infusion sho conii^lJiincd of a nagging baclcache, 'wliioli a])pearcd toward 
Iho end or after tlie ond of llie infusion and lasted for several hours. The re¬ 
action was accompanied by gross tremor of the hands and head, .some vomit¬ 
ing, and a moderfite rise in temperature. When it occurred during the iu- 
fusion, discontinuation of the fat had no effect. Past histoiT revealed that 
the patient had made numerous visits to the reccivij)g ward i)ecauso of gross 
tremors of the body and had beeTi admitted to the hospital on one occasion 
for hysterical paralysis of the leg.s. In this instance, an adverse reaction to 
the intravenous fat undoubtedly occurred; howevei-. it was clouded by an 
overtone of hysteria. It is interesting to note that of the 11 patients with 
cirrliosis of the liver who were studied, this is the only reaction other than 
fever that occurred in the group. 

The second patient was an SD-ycar-old man with severe generalized ar- 
tcriosclei’osis and arteriosclerotic heart disease. After 480 ml. of the infusion 
had been .administered without inisha]), .30 mg. of codeine sulfate w'crc given 
for re.stlessncss. Semistupor, acccntu.ated by Cheyne-Stokes respiration, 
supervened within 30 minutes and the fat emulsion was discontinued. By late 
aftei'noon, the patient’s condition had i-eturned to that which was maintained 
prior to the infusion. In this instance the role of intravenous fat in the pro¬ 
duction of the semistupor is not clear. 

In the total of 656 infusions there was no mortality and no ])ermanenl 
disability from any acute morbidity. 

.V'rTRMPTS TO AI.TER KKACTION RATI'-S 

Interest in effecting a reduction in reaction rates was motivated not only 
from a therapeutic view])oint but also in an effort to learn more about the 
mechanisms of the reactions. An insight into the latter might indicate direc¬ 
tions to pursue in the production of a more suitable fat emulsion. Since most 
of the reactions occurred with the old emulsions, attempts to alter the reaction 
rates were performed in patients receiA’ing that preparation. 

Rate of Infusion. —PrcA'ious Avork in this laboratoiy in normal human 
Amlunteers shoAved that A'arying the time required for the infusion from an 
average of 131 minutes to 35G minutes did not affect the febrile rc.spon.se as 
measured by fever indices.’* In the present study, an analysis of the correla¬ 
tion betAveen the initial rate of infusion and the occurrence of back pain in 
81 SAAbjects revealed a negative valAxe (P > 0.50). HoAvever, floAv did seem 
to be coi’related A\dth elevation of blood pressAAre and since so many of the 
severe reactions, such as shock, dyspnea, or cyanosis, occAArred early in the 
infAision period, Ave concAAr Avith others that all infiAsions of emulsified fat 
should be started sloAvly aiAd the sub.iect shoAild be closely observed at the 
beginning of the in.icetion. 

Repeated Infusions .—It has been commonly observed that repeated in¬ 
fusions in the same person result in less freqAAcnt adverse reactions. This 
tolerance or tachyphjdaxis Avas evident in our experience, although by no 
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inc'ins ip\ainbh s(i lint tolciaiice to tlu' fcbiilt leaetion de\clo))s is cm 
<lmt in Fijr 2 IIo\\(\ci, om of tin jntKnts liul .111 tl«\ition of (ml tnniKi i 
tuu ,il)o\( 102° r on ( nil oi f» sinctssnt niliisions \notlHi subjid h ul an 
(lc\at!on of io(til timiui ituK to lOl (i-* 1’ onl\ on tin fifth d i\ ol sintcssue 
infusions Tht tokiance was moK ooiisistenth obsencd in the case of back 
pain, flusbin«r nansoi ind \omit»ip 

-FIRST ihfuskjn 



In; dl^trlljuUon cr'vph depicUnj? inctdenc? of the highest temperiture rronrlei 

during a 1''hour peno I follouing the intra\«nous infusion of COO ml L.lpomul on tic first 
fccasioti and succeeding one^ 

hsc of Aniihxstavnmcs —Manj of the immediate reactions icsemble in 
some respects a histamine like response With this in inm(3, 14 patients wcie 
studied with infusions of intraacnous fat one week apart All patients le 
cei\cd 50 mg of Bcnadijl intraacnouslj 15 minutes before and again intia 
tenously halfwaj through one of two infusions Nine of the 14 recened 
Benadryl with then second infusion In this small series of patients, wherein 
each subject scr\es as his own control, the incidence of reactions of all t 3 pes 
w as 35 per cent wath Benadrj I and 50 pci cent w ithout The slight decrease 
in icaction rate was not considered significant enough to pursue further 

Addition of Serum AWmmn —Seventeen patients received an infusion of 
the emulsified fat to which had been added 18 ml of a 25 per cent human 
seuun albumin solution Nine of these subjects were also infused a second 
time, one w eek apart, w ith an iinsupplcniented bottle of emulsion Thirtj pei 
cent of the 17 patients cxpenenccd some tjpe of reaction wuth the serum 
albumin fat mi\ture, as compared to the oaei all reaction rate of 51 per cent 
in the 110 subjects recening the old emulsion Of the 9 subjects who had 
2 infusions, 3 de\ eloped reactions with the serum albumin fat mixtuie and 4 
had leactions with the regular material 

DISCUSSION 

The remaikable reduction in ad^e^se leactions with the ('\ception of fc\oi 
which occuiicd coincident with the puiification of the so\beTn phosphatide used 
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4. The instahiHly of <hc emulsion 1o extreme environmenlnl conditions, 
electroljTc solutions, iiiul amino aeid solutions ■would st'cm to point up tlic 
i\nportanec of continuing efforts to improve the product. 

The author ui'ilit'i- to CNprci-'. liih a]niri*ciatioii to ('apt. M. li. Allen, Sgt. llunli dray, aii<l 
Kgt. Chehia Goodman for their e\ecllont and dP%oted miraing and elerieal help, and without 
who'-e scr\iecs the al) 0 \e ^tndy could not have lieen eomj'leted. He woulil aWo like to thank 
Hi. Ueniir Swan, VrofP'-sor of Surperj, Unuer-dtj of Colorado School of 'Medicine, and In'- 
liou^e --tatr for their kind cooperation in furnishing ns with most of the jiatient material. 
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STUDIES or THE rHENOJlENON OP THE ('LEAKING OF INFUSED 
I’AT EMULSIONS I'KOJI HUMAN BLOOD AND PIS KELATIONSHIP 
TO THE rCEUlLE KEACnON 
tloHN F 1 \Iuluj:u, iL\JOK, JIC, USAR* 

Dln\lr, Coio 

I N THE pieccdinjj inpci, clinical icsiilts with an iinpu)\ctl fat tmulsioii loi 
lntla^enolls use in humans mcic icpoiUd llu incuIcMUt of ad\tisc side 
leactions as compaicd a foimei picpaialion \\as inaikcdh lediieod, with 
the piomment exception of fe\ci which oecuis in 29 pci cent of the patients 
The impro\ement in the reaction latc is asciilnd to the lemoval of impuii 
tics” ill the sojheaii phosphatide utilized as the cmulsifici in the iccent emiil 
Sion The fact that the febiile leactiou was not affected the punfieation 
of the phosphatide suggested that fe\ci in'i\ lesult fiom some phjsiologic 
mechanism The puiposc of this icport is to picsent data which aie dncctlj 
iclatcd to this pioblem and suppoil the concept of “phjsiologic” fe\ei 

The febrile response is a well iccogin/cd compileition of the adtninis 
tiation of lntla^cnous fat emulsions to humans Mam imcstigatois ha\c 
seaichcd foi its causation, but none haic sitisfactoiilj explained it Such 
obMOUS possibilities as pvrogens, paiticlc si/c, uncsteiificd fattj acid content, 
and pci oxide content ha^e been eliminated as etiologic agents^ In \no 
hcmoljsis has been mciinunatcd in the past, as well ns moie leeontlj b^ 
Cicditor- The latter authoi demonstiatcd maihcd incieases in mechanical 
fragilitj of the led cell in the picscncc of a fat emulsion and demonstiated 
hemoglobinemia following an infusion of fat Howe\cr, the presence of 
hemoglobin in hpemic plasma, considoimg the maiked increase in mechanical 
fiagilitj of the icd cells, maj oiilj indicate tinuma coincident with \cni 
puncture and therefoic not leflccl in a no hcmoljsis That this is tine is sug 
gested by studies fiom oiu laboiatoij, in which the amount of bilmibin in 
bile collected fiom indwelling T tubes m the common duct was moasiued 
bcfoie and aftci an infusion of fat No incicasc in total amount of biliiubin 
was found following the infusion rurthcimoic, lecent studies bj Le\cnsoii 
and Upjohn* on red cell surM\al utilizing the Cr®^ technique failed to show 
anj effect of multiple fat infusions on the sur\nal cur-\e 

Our laboiatory has been inteiested foi some time in the pioblems le 
lating to the dealing of fat fiom the blood and has perfoimed some studies 
in normal a olunteers on the clearance of intia\ enous fat emulsions It seemed 
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pertinent to extend these observations to a large series of sick ])ersons. John¬ 
son, Freeman, and Meyer,"' using an emulsion containing 10 per cent olive oil, 
demonstrated a difference in the clearing rates in a small series of patients 
with liver, thyroid, or renal disease. It soon became obvious fi-om our studies 
that there was a great individual variation among patients in their ability 
to remove the injected fat from the circulatory system. There also appeared 
to be a direct correlation between the rapidity of clearing and temperature 
elevation. These and othci' related observations on clearing are the basis on 
this report. 

MATEniAI.S AND METHODS 

A heterogcnoni? group of lio'^pitnlircd jjnticnl.n m lljc Colonido Goiicrnl, Hoiivor Gen¬ 
eral, and Veterans Administration ITo.i-pitnls in Denver, Colorado, nere >-tudiod. Eiglitocn 
normal volunteers vrere studied aLo and are included in the .'erics. No attempt ha' hcen 
made to select patients cither for severity or --pecificity of disca'o witli the exception of 
a group of patients with cirrhosis of the liver. 

The composition of the “new” emulsion iind method of ndminislrntion were out¬ 
lined in the preceding paper. Since we iicre interested in clearing rate', the flow and 
total time of infusion were carefully controlled and kept ns con'tant as po"iblo. The 
average time of administration was 21C minute--. The Imttle of emul'ion contained 9(1 
Gm. of fat; therefore, the flow na' appro.\imatcly 25 Gm. per hour in each subject. Each 
infusion was begun in the morning before a low-fat breakfast. Lunch was also a low-fat 
meal and was given after the infusion was completed. 

To estimate clearing rate, the following test was deiiscd. The optical density of the 
subject's serum was measured before, at the end, and eight hours after the beginning of 
the fat infusion. The optical density (O.D.) was men'ured with a Coleman .Tr. Spectro¬ 
photometer at 700 mp, using water as the blank. The blonds were kept at 40' E. tem¬ 
perature during the test day and rend the morning following the day of infusion. 

^ Body temper.aturo of the recipient was mcnsureil hourly for a peiiod of twelve hours. 
Bectal temperatures were recorded whenever possible. A febrile reaction has been de¬ 
fined as a rise in temperature of at least 2' F. above 99.0' F. rectally, or 2' F. over the 
control temperature, if that figure is above “normal.” 

Soon after the start of the study, it became apparent that there \i as a great vari¬ 
ability among patients in (he rapidity with which their blond cleared of the infused fat. 
At first, arbitrary figures for the optical density at the various sampling times were set 
in an effort to categorire the patients according to fust, sloii, or normal clearing. Thu', 
those patients whose serum had an optical density above 1.(1 at the end of the infusion 
and had returned to preinfusion levels by 8 hours were considered normal clearers. If 
the plasma remained lipemic after 8 hours, the subject nns said to be a slow clearer; if 
the optical density was below 1.0 at the end of the infusion, then he was said to bo a 
fast clearer. These aibitrary criteria were based on previous experience with normal 
volunteers. However, it became obvious that delineation into fast, slow, or normal 
clearing patterns was not practical, since some of Our volunteer subjects did not fit the 
“normal” pattern. It seems prefeiahle, therefore, to refer to actual optical density read¬ 
ings rather than arbitrary limits, reminding the readers that an optical density figure 
above 0.3-0.4 represents grossly lipemic serum. 

Optical density is a simple, convenient means of measuring lipemia. Other tech¬ 
niques, such as chylomicron counts or nephelonietry, have nell-rccogni/cd limitations and, 
in the case of the former, are tini» consuming as well as fraught with error.c Optical 
density measures transmission of light across a given path, so that an.v particle.s present 
which reflect or diverge the path of light will affect the optical density. Thus, the latter 
is proportional to the concentration of particles; i,, our case, concentration of fat 
particles. Since ail of the fat administered in the emulsion is in the form of chylomicrons, 
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Jli» doiniicc of tlio-c fit jnrtnlt'*, UMrcfore omi be follnucd uith optinl donslt^ 
measurement Ihis assumes nf tour c limt most of the fat leaNts tic Moo 1 stream 
as cli\lomirrons rather than lirsi sohiliibri 1 to himprotein Hit torrclatioii 

Intueeu optical ileiisitt mil tot il f«tt\ nrnls follonin); in infusion of fat emulsion js 
shown jn l-ij; 1 flu si; 7 monl curve relleits the iiiefiiticniv of the Coleman sjieclro 
photometer at the i/pi<r levtl ami the tnt)t\n)ufil (a'-twg Mtnuttout! m soltiMe fat at the 
loner level However, in the ranges m which we are most interested, that is, OD from 
03 to 3 o, thtre is a moderntelv gool straight hne relation between total fattv acids and 
optical densitv Inicrfermg juguuiits such as luliruinn an I hemoglobin, will alTect the 
readings to v small insiguitu lut degrt« 


oa 



j.jg 1 Xhe relationship bttween the optical denslt> of the whole serum anti the total 
fatlj uehls of the ime whole serum 

In all, 221 cleaiinjr studies hate been pcifomed oti 120 sub 7 eots infused 
uitli the “neu” emulsion Ilie laig:c amount of dat«i aeeumtihtLd does not 
penult detailed piescntation of indnidual loeoids oi icsults An insight 
into some of this mfoimation can be gamed ftom the accompaining giaphs 
Seteial means aic atailable to assess tbe late of cltaiing in an iiulnidunl and 
make compausons among indniduals Since a constant amount of fat is in 
fused at a constant late and the dealing piocess is a dvnamic one, the optical 
density leadings at comparable times can be used Tims m Fig 2 the optical 
density of scnim at S hoius is plotted against the highest leetal tempeiatuie 
leading in the 12 hoiu peiiod of the cvpciiment foi 91 subjects leconing 
then first infusion IVith tuo exceptions significant feiei did not oeeni in 
those subjects whose scium was Iipemic (O D >0 3) aftei S horns Con 
^e^seh, those patients wlio develop a fobiilv loattion to the intia%enous lat 
have essentiallj cleai senini at 8 houis although fevei does not imanabh 
lesult fiom lapid cleaniig The sime lelationship is obtained when the op 
tical densitv at the end of infusion is plotted against tempeiatuie as in Fig 3 
In both instances the coiielation is higlih significant (P < 0 01) Since 
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OPTICAL DENSITY 

Figr. 3.—^Relationship hGt%\cen the optical density of the plasma immediately after the 
end of an infusion of 000 ml. of Upomul and the h^hest rectal temperature in the l2-hour 
postinfusion period in 95 svibjccts receivin?; their flrst infusion. 

When the data arc analyzed for 168 infu.sions, wliioh represent rejieat 
infu.sion.s in some subjects, tlie correlation between the optical dcn.sity at the 
end of infusion and at 8 hours and the highest reetal temperature again is 
significant at the 1 per cent level of probability. However, if one analyzes 
the results for the 78 repeal infusions alone, .significance i.s not attained 
(Pig. 4). 




clt:arin« of infused fat emulsions 


Some interesting obsoivations hnvc been made eoneeining the clearing 
patlein on repeat in fusions in the same individual. Thirty such studies have 
been made, of which a repiesentathe number ha^e l)een depicted in Fig. 5. 



at 02 03 04 09 06 07 08 09 LO It 12 13 14 19 16 17 18 19 20 

OPTICAL DENSITY 


start of an Infuston of 600 ml of Llpomul and tl)«> hfghr><tt nctui temperature m the 12 
hour poatinfuslon period of 73 repeated Infusions 


' FIRST INFUSION 

• Sfiij " 

• 3rd 
- 4th 

’ 5fh 






HOURS AFTER START OF INFUSION 


Fie 5—Reprpsentatl\c example*? of individual patients' clearing: te«;t following- COO ml. of 
Lilpomul on successive days 


It is clear from this sample that the pieviously mentioned rariation in first 
infusions is also present in successive ones. Theie is no regular sequence 
of clearing in eacli individual. The normal individuals, as well as patients 
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been fonnd in human blood in ai)preciabIo amounts only as a result of the 
injection of heparin or a like substance. Cleland and Iacono’= in our lab¬ 
oratory have measured the amount of clearing factor activity present in the 
l)lood of some of the subjects following an infusion of fat, utilizing a method 
which measures glj’cerol pi-oduction in vitro over a 4-hour period. None of 
the subjects was heparinized. They have found an insignificant amount of 
enzyme present which could account for the hydrolysis of approximately 5 
per cent of the fat which is cleared. Thus, it would appear that clearing factor 
enzyme, better referred to as lipopi-otein lipase, plays a very insignificant 
role in the actual clearing of the blood. 

The role of the reticuloendothelial .system iji the clearing process has been 
extensively studied bj' others.''’ Histologic scrutiny of ti.s.sues of animals im¬ 
mediately following the infusion of a fat emulsion has showji fat globule.s in 
macrophages of the spleen and Kuptfer cells of the liver." However, the 
experiments by Waddell and co-workers'-'' in rats .showed very clearly that 
blockage of the reticuloendothelial .sy.stem with India ink or trypan blue did 
not affect the clearing of an injection of fat emulsion from the blood, but that 
evisceration and, in particular, hepatectomy, grossly sloAvcd the clearing."' 

The studies herein reported do not shed much light upon the role of the 
liver in the complex clearing mechanism. Of the 11 cirrhotic patients in 
this series, all but one were slow cleai-crs. However, so wci’C most of the 
normal volunteers. This is in distinct contrast to the studies of Johnson .and 
associates,® in which the cirrhotics cleared faster than noi-mal. Unfortunately, 
none of our patients were suffering from acute liver disease or intoxication, 
so that the observations by Scott and Vars'® that chloroform intoxication of 
the liver increased the clearing of fat could not be verified. 

Recently, interest has developed in the effects of aging and, in particular, 
atherosclero.sis, on the disappeai'ance rate of lipemia produced by an oral 
fat meal. Necheles and co-workers''>rej)orted that aged individuals clear 
their blood of ingested fat more slowly than younger persons, although White, 
Ralston, and Carnc’® could not corroborate this effect but found instead a 
correlation between bed rest and slow clearing. Morctoiff" first called atten¬ 
tion to the fact that patients with atherosclerosis clear more slowly than those 
without this affliction. These obseiwations have been confirmed by Pomeranze. 
Beinfield, and Chcs.sin®' in the obe.se and atherosclerotic patient, and by 
Schwartz, Woldow, and Dunsmorc®" in patients with myocardial infarction. 
Utilizing I^'-Iabeled neutral fat by mouth, Thannhauser and Stanley"® dem¬ 
onstrated slow clearing in patients with idiopathic hyperlipemia as compared 
to normal subjects. All of these observations are complicated by the process 
of fat absorption, so that elevated or prolonged blood lipid level after a fat 
meal may not, of necessity, reflect the activity of the clearing mechanism, but 
rather an absorptive phenomenon. 

Our study was not designed to investigate anj' specific disease. How¬ 
ever. because of the interest in the possible etiologic relationships between 
lipemia and vai'ious disease states, a review of our case material is presented 
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in Table I Mith thcbC thaughls in iniiul 13ocausc of the aibitiaiy e.itegoiiza- 
tioii into slow, intcunccliatc, and fast cltMting patterns and the small mimboi 
of subjects in certain areas of inteiost, it is only possible to deii\e tiends 
or suggestions from these data. Howevci, it is of interest to note that as 
weight increases, slo\\ncss of dealing likewise becomes moic common O’hcio 
is no apparent correlation between the presence or absence of diastolic hyper¬ 
tension and the pattern of eleaiing The coiiveise of the lesults obtained 
uith an oral fat load in various age gioups uas found in out studies, \\heiein 
incieased dealing was associated with iiicieasing ago The types of dealing 


Tabib T. The RfiiAtiov of Various Pm.sioiocir Paramitefs and Disf\se Statfs and the 
PATTM.V of CI faring of TIIF niOOD FOIIOUING AN' Imosiov of a Fat Emiu siov 






Cl FARING FATTIRN 



IVci^ht 

TOTATi 

NO. 

INTFRMUiIATF* 
NUMBFIt) (%) 

SI ow t 

number) (%) 

F\ST{ 

NUNtBFR 1 (%i 

Loss than 100 pouiuK 

S 

G 

(75) 

2 

(25) 

0 

(0, 

100 150 pounds 

7G 

27 

(35) 

2S 

(30) 

21 

(25, 

150 200 pound** 

14 

<» 

(4^) 

fi 

(43) 

2 

(U) 

Over 200 pound** 

Blood Pressure 

1 

0 

(0) 

1 

(100) 

0 

(0) 

Diastohc abo^e 90 mm, Hg 

2S 

IG 


S 

(28) 

4 

(15) 

Diastolic below 90 mm Hg 
Ape 

20 40 jear^ 

77 

2S 

(3B) 

29 

(37) 

20 

(27) 

21 

7 

(33) 

32 

(57) 

2 

(11) 

40 60 jears 


11 

(2S) 

20 

(51) 

8 

(21) 

60 80 jears 

Cloncol Diaannst^ 

54 

2S 

(52) 

11 

(20) 

15 

(28) 

Hyperlipemia 

1 

n 

(0) 

1 

(700) 

0 

(0) 

Diabetes mellitus 

2 

1 

(50) 

1 

(50) 

0 

(0) 

Coronarr occlu*iion 

5 

1 

(20) 

4 

(SO) 

(1 

(0) 

StrolsC 

Arteriosclerotic liesrt di’' 

■ 


(43) 

4 

(57) 

0 

(0) 

ease 

0 

4 

(44) 

1 

(12) 

4 

(44) 

Generalized arteno^elero^i** 
ramilv historj of am of 

17 

S 

(47) 

4 

(23) 


(30) 

the above 

21 

G 

(28) 

11 

(52) 

4 

(20) 

Cirrliosis of li\er 

11 • 

0 

(0) 

10 

(51) 

1 

(!>) 

Normal volunteer** 

IS 

C 

(33) 

12 

(66) 

0 

(0) 

•Intermediate = OD abo\e 1 0 at end of Infusion below 0 3 after 8 
tSIow = OD i»6o>e 1 0 at end of infusion above 0 3 after 8 hours 
JFast = OD below 1 0 at end of infusion below 0 3 after 8 hours 

hours 



patterns observed in the various disease entities aic confusing and piobably 
leflect the complex nature of the dealing phenomena These patients vere 
suffering from either complications of thcii piimaiy illness or some other 
unrelated affliction which undoubtedly affects the clearing pattern and leads 
to the vagaries noted One would like to study the various illnesses in an 
uncomplicated form, and, even then, the inborn variation in the physiologic 
phenomena of clearing may cloud the issue. 

SUMMARY AKD CONCLU.SIONS 

1 A dealing test has been devised which moasuies the inpidity at ■which 
the blood is cleared of infused fat It has been applied to the study of 120 
subjects recei^ ing 225 infusions of an emulsified fat preparation 
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2. Twenty-nine per cent of the snb,iecis receiving the fill clovelnped a 
significant elevation of body temperature. 

3. There is a highly significant correlation l)etwecn the rapidity of clear¬ 
ing and the febrile response. 

4. These results are interpreted a.s evidence that tlic febrile response to 
intravenous fat therapy may be due to rapid oxidation of tlie fat with re¬ 
sultant endogenous heat production and should be con.sidcred a physiologic 
reaction in susceptible individuals. The nature of the fever is such that it is 
not considered a contraindication to the use of fat enudsion for parenteral 
alimentation. 

5. The possible reasons for the great variability in clearing patterns be- 
tAveen individuals, as well as between successive infusions in the same indi¬ 
vidual, are discussed. Until the basic physiologic mechanism regulating fat 
transport in the blood is better undor.stood, the vagaries will remain obscure. 

6. Lines of future investigation are cited, and it is hoped that the fat 
emulsion will prove a useful tool in future sl\idies of fat metabolism. 

The author vishos to thank Mrs. Lucille Palm tVemlol for vnluahlo techniciil aid and 
Capt. M. R. Alloa, Sgt. Hugh Gray, aad Sgt. Cliclsia Goodman for CKpcrl nurping and 
clerical help. 


RErERRNCCS 

1. Becker, G. IT., and Gros'-nian, M. I.: Studies on the Thermogenic Resimn'-c to Intra¬ 

venous Pat Emulsion®, U. S. Armv Mod. Nutrition Lai)., Report No. lOS, .luno ."). 
1953. 

2. Creditor, M. C.; Some Observations of Effects of Intravenous Pat Emulsions on 

Erythrocyte PragilitA-, Proc. Soc. Exper. Biol. & JiTcd. 82: S3, 1953. 

3. !Mueller, .T. P., Grossman, M. I., and iMoellcr, H. C.: The Effect of Intravenous Pat 

Emulsions on Total Bilirubin Output ns a Jlensuro of Hemolysis in Human Sub¬ 
jects, .T. Lab. & Cmn. hlsn. 48; 379, 195G. 

4. Levenson, S. M., and Upjohn, H. L.: Oral repoit before the Surgeon Qonornl’s Task 

Group on Intravenous Fat Alimentation, XT. S. Armv STcd. Nutrition Lab., Denver. 
Colo., Oct. 4-5, 195G. 

5. Johnson, W. A., Freeman, S., and Meyer, K. A.: Disappearance of Intravenously 

Injected Emulsified Pat From Circulation of Patients and Animals, .T. Lab. 
Cun. Med. 39: 414, 1952. 

G. Fr.ank, H., and Ingelfinger, F. J.: Dilution as a Source of Error in Cli.vlomicron 
Counts, .T. Lab. & Cun. Med. 35; 815, 1950. 

7. Shafiroff, B. G. P., Mulholland, J. H., and Baker, J.: Proof of Early Utiliration of 

Pat Administered Intravenously into Human Subjects, Exper. Med. & Surg. 9: 
184, 1951. 

8. Shafiroff, B. 6. P., Mulholland, J, H., Roth, E., and Baron, H. C.: Oxygen Consump¬ 

tion Studies With Intravenous Infusions of Combined Fat Emulsions, Proc. Soc. 
Exper. Biol. & Med. 71: 103, 1949. 

9. Waddell, W. E., Geyer, R. P., Olsen, P. R., Andrus, S. B., and Stare, P. J.: Clinical 

Experience With Intravenous Infusions of Emulsified Fat, J Lab. & Cun. Med. 
45: 697, 1955. 

10. Lambert, G. P., Miller, J. P., and Frost, D. V.: Febiilc Response Following Intra¬ 

venous Administration of Pat, Am. J. Physiol. 164: 490, 1951. 

11. Hahn, P. P.: Abolishment of Alimentary Lipeiuin Following Injection of Heparin, 

Science 98: 19, 1943. 

12. Cleland, W. W., and laeono, .T. M.: The Role of Lipoprotein Lipase in the Intra¬ 

vascular Clearing of Pat in Human Subjects, U. S. Army Tiled. Nutrition I,ab., 
Report in press. 

13. Waddell, W. R., Geyer, R. P., Clark, E., and Stare, F. .1.: Function of the Reticulo¬ 

endothelial System in the Removal of Emulsified Pat Prom Blood, Am. J. Physiol. 
177: 90, 1954. 



\o! n«.50 CLKVUINC? or IM’USEP TAT EMULSIONS 977 

Vimlpr’ 

14 Jturrnj, E Cf, niul rrfeiimn, b Illorpholope niatribution of Iiitravcnouslv Injectcfl 

I’ntf^ Cfn li and ArOfipial I’nl JiiniiNioii iii anil J Lar iC CriN AfFi* 

38 %, 

t'i WaiMill, ^\ 11, (ti\cr, II I’, Clarl, 1 , ui<l Sturo, I' T Rolo ot Vinnii‘> Organs jn 
tin. Iltmo\al of I lunKifiPil Fat From tlio Plnoil bln am, Am T FIixsiol 175 299, 
J'r,*! 

10 Scott, S , and Vars, H JI lltspoiisc of Animals ^\ith liihar^ Fistula, Bile Duct 
Occlusion or Chloroform Intoxication to Parenteral Fat Feeding, S Forum 6 
350, 1954 

17 Necheles, H Phenomena of Ch>lomicrons m Fat Absorption and Arteriosclerosis, 
Am J Digest Dis 18 229,1951 

15 Becker, G H, ile\er, J, and Necheles, 11 Fat Absorption in Young and Old Age, 

Gastroentcrologj 14 80, 2950 

1*1 M lute, S G, Ralston, \\ C, and Cartic, H 0* FlTccts of \ge and Bed Rest on 
Plasma Fat Particles (Clulomicrons) as Jfeasured b% Fat loltranee Test, Gas 
troentcrologi IB 355, 1951 

2(1 Mortton, J R Chi lomicronemia, Fat rolcraiice and Athcroscli rosi«s, J Lar A CriN 
Med 35 373, 1950 

21 Pomcranze, J, Bouificld, \\ 11, and Chessin, M Serum Lipid and Fat Toleranct 

Studies in Normal, Obese, and Atherosclerotic Subjects, Circulation 10 742, 1954 

22 Schwartz, L, Itoldou, A, and Dunsmorc, R A Determination of Fat Tolerance in 

Patients With Miocardial Infarction, Method Utilizing Serum Turbidity Changes 
Following Fat Meal, J A JI A 949 364,1952 

23 Thannhauaer, S T, and Stnnloi, M M Serum Fat Curies Folloiving Oral Admin 

istration of I*3i Labeled Neutral Fat to Normal Subjects and Those With Idio 
pathic Hjperlipomia, Tr A Am Pliisictans 62 245, 1949 



THE EFPEGTlVENESvS OF MEPKOIHUIATE AND hOBEhINE 
AS SJIOlvlNG DETERRENTS 

W. A. Bahti^ett, A.B., and R. ’NV. 'WiiiTEiiEAn, I\1.D/ 

Denver. Coeo. 

E ver since its introduction, the nse of toi)acco lias Ijccu criticized l).v various 
groups for varied reasons. The pres-sure on a smoker to fpiil ha.s ])cen in¬ 
creased of late, chietl.v because of reports linking tobacco use with a higher in¬ 
cidence of broiichiogenic carcinoma. There is also .some concern regarding the 
role of tobacco in peptic ulcer, coronary artery disea.se, ]icrii)lieral vascular dis¬ 
ease, and other bronchojndmonary disease. Disregarding for tlic moment the 
jiart that tobacco plays in tlic.se di.scases. let us consider what can be done to hcl]) 
the patient who wants to stop smoking or who has been advised by his jih.vsician 
to (piit. 

In 3930. Dorsey reported encouraging results with the use of lobeline.’ 
Wright and Littauer later reported tliat the side effects of lobeline were such 
as to preclude its general use.- Rapp and Oien recently jiublished a .study wiiich 
indicated that they had circumvented the side effects by combining lobeline with 
an antacid mixture; they stated that the jirejiaration was very effective in re¬ 
ducing the desire to smoke.’’ Another i)rcj>aration for the relief of withdrawal 
effects has been reported; it contains y_<o grain bcnzocaine flavored with saccharin, 
extract of liquorice, powdered ginger, and oils of anise, wintergreen, pepper¬ 
mint, coriander, and cloves.’ liowever, it is our opinion that this study was 
not sufficiently conti’olled to warrant ])rcscribing this aromatic preparation. 
Other methods have been proposed from time to time, but none have been suc¬ 
cessful. 

Johnston states that the only way to stop smoking is b.v not smoking again.'' 
This Spartan dictate is often ignored by patients, who feel that they need some¬ 
thing more to help them through the withdrawal period, Johnston feels that 
there are two components involved in the desire to continue smoking; the fir.st 
is a pharmacologic craving which is of liigli intensity but of short duration, reach¬ 
ing a peak 24 to 36 hours after stojiping, while less intense i)sychoiogic urges 
may persist for yea is. Obviousl.v, a drug which could help prevent the patient 
from starting to smoke again in the fii-st few weeks would be very useful. 

The popularity of the ataraxic drugs seemed to offer a new attack on this 
problem. Since most cigarette smokers state that a smoke “relaxes" them, and 

From the Department of PliarmacolOBy. University of Colorado Medical Center. 4200 
East Ninth ..Vvenue, Denver 20. Colo. 

Tile drugs used in this study were furnished hy W^allace Laboratories (Miltown) and 
Compana Sales Corporation (Bantron). A grant from Wallace I..aboratories was used to 
defray expenses. 

Deceived for publication Feb. i, 195". 

♦Professor and Head, Department of Pliaimacology. 
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since the atainvics also “iela\” the patient, ^\c felt that the effect of a tian 
(juili/ei might logically be expected to icducc the need foi cigaicttcv ^Vc also 
wished to check the enicac\ of the lobeliiic antacid iinxtuie 

mOCI-DURE P\RT I 

Tliirt} three >ouiig, adult medical students were used, each of uhom stated that lie 
was in good Jienlth 'these subjects were duidcd into 4 groups the drug schedule was so 
arranged that the order of drugs was different for eich group, hut each subl^ct still re 
ceived all 3 preparations The tests were run in 3 week cjcles, the first control week was 
a determination of the number of cigarettes smoked normally for a 7 daj penCd while the 
second week was n determination of the cigarettes smoked while taking one cf the drugs 
There followed a third recover} week wherein the subject took neither a preparation nor 
1 opt a record of the cigarettes smoked (rnble I) 


TaBTE I ScHFDULF 01' DpLO VUMIMSTl \TION IV PVRT I 


SLBJECTS 

1 WEFK OF TEST 

1 1 1 

t = 1 

3 1 

1 -» 

1 5 1 

(• 1 

l 7 

1 s 

1 n 

Control 

Placebo 

Recover} 

Control 

Bantron 

Kcrov er} 

Control 

Miltoun 

10 18 

Control 

B intron 

Recover} 

Control 

Miltown 

Recover} 

Control 

PI icebo 

19 27 

Control 

Placebo 

Rceoverv 

Control 

Miltow n 

Recovery 

Control 

Bantron 

28 33 

Control 

Miltown 

Recover} 

Control 

Bantron 

Recoverv 

Control 

Placebo 


Iho drugs tested were meprobamate, and i commercial preparation known QS Bantron, 
winch was stated to be identical with that used bj Rapp and Olen A sugar plncebo was 
included, and all drugs were powdered and placed in identical No 0 pink eapaules to he 
taken 3 times daily A capsule contained cither (1) 400 nig meprobamate» (2) the 

equivalent of 1 tablet of Bantron, or (3) sugar The subjects were aware oi flic fact 

that the} might be given a placebo, hut the} were not told which preparation the} were 

receiving at an} given time The} were instructed to make no attempt to m^lnenco their 

smoking level, but merely to have a cigarette when thev felt the} needed one '^as felt 
that this procedure would measure an} depressant effect on smoking, and wPnld tend to 
eliminate the factor of “will power “ 

The subjects were told that we had reason to believe that the drugs tP^j were be 
ing given would probabl} reduce thoir cigarette consumption The methods used for 
evaluation were those of the double blind technique 

RESULTS PART I 

The tliirty tiuee subjects had smoked an aaeiagc of ycais, Rud at the 
tune of the test weie smoking around 16 cigaicttes pei day The icsnlts ucic 


JARIF II AVfRArE NUMBFP 01' CiGAPErTES SMOKED PeP DaV^ PEl SUBJECT FOP .^3 SUBJfCTS 



1 DA\ Ot' TFST 

1 1 

■! 1 

3 

1 ■« 1 

0 

1 6 

1 7 

Control 

16 8 

17 9 

18 3 

17 9 

17 6 

16 1 

15 8 

Bantron 

16 7 

17 2 

16 0 

17 4 

17 4 

15 4 

16 1 

Control 

178 

160 

181 

18 4 

19 2 

16 0 

17 3 

Placebo 

16 0 

16 2 

160 

17 2 

16 6 

15 0 

15 0 

Control 

17 5 

17 0 

174 

17 4 

17 9 

171 

16 2 

Miltown 

161 

170 

174 

17 0 

171 

155 

15 G 


calculated foi the group as a whole m terms of the aaeiage number of cigarettes 
per day per subject In analysis, it was observed that neither meprobamate nor 
the commercial lobeline preparation was significanth more effecti\e ifi reducing 
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the smoking levels than was the sngar placebo (Table 11). The groni) was then 
.subdivided into subgroups of those sjiioking between 5 and 14.5) j)ej‘ day, be¬ 
tween 15 and 24.9 per day, and over 25 per day and the data re-evainated. Tiie 
results of this analysis did not differ significantly from that of the grouj) as a 
whole. AVe are at a loss to explain the great discrepancy between our results and 
those of Eapp and Olcn.^ 

PROCEDURE -. PART II 

It could bo urgiiod that wo wero not measuring tho cfToct of the drug.s to replace 
cigarettes by tho above procedure. Hence, we obtained volunteer sub.iects who expressed 
a .strong de.sire to .stop smoking. These .subjects were arbitrarily diruded into two groups, 
one of which was given cap.sules containing 400 mg. meprobamate, and the other given 
indistinguishable placebo preparation.s. The subjects were instructed to take a capsule 
whenever they felt the withdrawal symptoms start to appear, but not to take over .S ca)i- 
sales per day. The 3 ' were further told that the drug would be ofCcctivc in reducing the 
desire for a cigarette. When the tests were completed, the groups were ns follows: 

kliltown Group: G men and 3 women, smoking for an average of D.3 3 ’cnr.s and .smok¬ 
ing an average of 17.3 cigarettes per da 3 ' prior to the test 

Placebo Group: 7 men, smoking for an average of S.-t years and smoking an average 
of 21.6 cigarettes per da 3 ' just preceding tho test 

RESULTS: PART 11 

Xo significant difference was noted between the two groups, cither by suc¬ 
cess in quitting or by their impression of the effectiveness of the dnig. It was 
of especial interest that onl.v one of the subjcet.s given the plticelio felt that this 
had not helped him (Table III). 


Table III. CoMfosiTiox or Test Gr.orrs and Resui.ts (Pabt II) 



MEM i 

vrotEM 

AVERAGE 

YEARS 

SMOKIXG 

AVERAGE 

PAHA' 

CIGARETTE 

USE 

SnUECTS 

CEASED 

SMOKIMG 

SUIMKCTK 
KEPT PUrC! 
■WAS OK 
VAI.UE 

Milt own 

G 

3 

9.3 

17.5 

3 

8 

Plapobo 

7 

0 

8.4 

21.6 

.3 

G 


DISCUSSION 

In spite of the favorable reports in the literature on the effectiveness of 
lobeline, we were unable to demonstrate that the preparation used has any etfeet 
on cigarette consumption. Similarliq although the use of a tranquilizing drug 
woidd appear indicated, the one used in this stud}', given in the manner de¬ 
scribed, had no effect. Since the subjects were told to take a capsule whenever 
they first noticed the sjTnptoms of withdrawal start to appear, we feel that the 
time necessary for the drug to be released from the capsule, absorbed, and exert 
its effect may have been excessive. In other ivords, the symptoms ma}’ have be¬ 
come intolerable before the drug took effect. A faster acting drug, or perhaps 
a high “prophylactic” daily dose, might be more effective. 

The present treatment of tobacco u'ithdrawal effects would seem to be ps}'- 
chological; ive know of no currently used pharmacologic agent which has a 
clearly effective action. A procedure to be used when dealing ivith a patient wlio 











\o] me 50 MFPROrUMATE VMl IOnI•LI^E A& SMOKI^G DPTFREENTS 
S mber 2 


281 


must 01 dcsiies to slop smoking might be as follows fiist, make siiie that he 
lonlh wants to quit, if this motivation js lacking, no success can be expected 
Second, lemfoicc tliat dcsiic b\ telling him of studies inciinnnating tobacco 
as a iiathogenic agent And hnall> suppoit him in his endcavoi bj othei psv 
chologic mcasuics, including the use of siigai capsules if deemed necessaiv 

SUM MAlt\ 

In a studv of the smoking habits of thiitv thiee medical students no efiecl 
w IS notKcd upon admiiiistiation ol mepiobimate oi a cornineicnl buffeicd lobe 
line piepaiation 

In a studv involving J5 medical students who stated thev wished to stop 
smoking, no objective oi subieitivc diflerencc was noted between the gionp ic 
(Giving nieprobimatc and those iccciving a placebo Howcvci, G out of 7 sub 
iccts lelt th it the placebo had helped them to resist the desnc to smoke 

ui 1 rnfsers 
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2 Wright, I S, and LUtauer, D I obcline Sulfntc Its Pharinacolog) and tJse in the 
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DETERMINATION OP AROMATIC ACIDS AND PHENOLS IN THE 
URINE OP WHITE AND NEGRO IMALE ADULTS 

Gerai.d Kessler, Ph.D.,* and E. G. Schmidt, Pn.D. 
Baltlmork, IMd. 

T he possible relationship of tyrosine and plienylalanine metabolism to 
phenylaeidurias in tyrosinosis, mental disease, vitamin C and folic acid 
deficiencies, etc., and also of the enzymatic oxidation of tyrosine by tyrosinase 
and dopa-oxidase to aromatic acids and the melanin pigments still remains 
obscure. 

As a pos.sible tool in studying these conditions, microbiologic methods 
were developed for the assay of phcnyllactic, 2 )-hydroxy])henyllactie, and indole- 
3-lactie acids in urine. In addition, ether extracts of these urines were 
analyzed for total volatile phenols and aromatic hydroxy acids by jireviously 
described methods’’ - which utilize the Polin-Ciocalteau reagent. Porha])S the 
Negi’o, due to the presence of large amounts of dopa-oxidase in the .skin, might 
excrete increased amounts of phenylaciduric or phenolic matcnal. Pre¬ 
liminary experiments had encouraged us in this belief.” Also, recent work 
indicates that Chinese, for example, excrete significantly greater (|unntitie.s of 
amino acids in urine than Caucasoids and that diet is not a ])rineipal factor 
in this difference.^ 


MATERIAL AND METIIOD.S 

Twenty-four-liour specimens of urine were collceted for 2 consecutive days from 
apparently healthy Negro and wliito male adults. Forty milliliter aliquots of each urine 
were acidified with 10 N sulfuric acid to pH O and refluxed for one hour. The hydrolysates 
were adjusted to 200 nd. at pH 10 with dilute sodium hydroxide and then extracted con¬ 
tinuously with redistilled (peroxide-free) ether for 24 hours.'. Each extract was analyzed 
for the volatile phenol fraction with the Foliii-Ciocaltcau reagent as previously described." 
The residue in each extractor was acidified with 2 ml. of 10 N sulfuric acid and o.xtraction 
continued for 24 hours. This extract contained the aromatic acid fraction. The ether w.as 
volatilized and the aqueous residue nentnilized to pH 6.9 and diluted to 25 ml. The total 
aromatic hydroxy acid content was also determined with the Folin-Ciocalteau reagent." 
Tlien, individually, phenyllactic, p-hydroxyphcnyllactic, and indolc-3-lnctic acids were deter¬ 
mined with LactoljaciUus casei (ATCC No. 7469) as described below. 

Our microbiologic assay procedures, media, cultures, inocula, etc., have been described 
elsewhere.'. « Tlie basal media were premixed crystalline preparations of nutrients.) Each 
ineparation was nutritionall 3 ’ complete for L. casci except for the specific amino acid 
whose hydroxj- analog was being assayed. A weighed quantity of each medium was freshly 
dissolved in distilled water and adjusted to pH 6.9. 

Prom the Department of Biological Chemistry, University of Marylaml, Scliool of Medi¬ 
cine, Baltimore, Md. 

Supported in part by a research grant from tlie Division of Researcli Grants and Fellow¬ 
ships of the National Institutes of Health, United States Public Healtli Service. 

Received for publication Feb. 4, 1957. 
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P^rcx tubes (IS X 150 lum ) were nnnicr‘*td in chromic icid cleaning solution, 
wnshod with water 10 tinns, mitoelntd with distilled wntir, nnd then dried A 1 ml 
quantitj of the nppropriatc lag'll incdmtii, dtpending upon tlic amino acid analog being 
a««ajed, was added to each tube V 0 5, 10, or 20 ml aliquot of a «imple was added 
nnd the contents of euh tube were made up to 5 ml with distilled w iter Fach sample was 
nsaa\ed in replicate 

The tubes were covired with aluminum caps, autoLla\cd at 15 pounds pressure for 
15 minutes, cooled inoculated, and then incubated for 72 hours nt 34® C Since urine 
extracts are frequonth colored the acidit% produced bj the organism was titrated elec 
trometricalh 7 ^\lth each urine nssaj, standard growth cuncs were developed siraultaiieouslv 
with plienvllaetic acid, p lijdrowphenjllaetie acid, nnd Ltrvptophane (indole 3 lactic acid 
was not available) If auv keto analogs of these aimno acids were present in the urines, 
thev would be destrojed bj the drastic acid hvdroIvsisS 

IMii n 200 to 20,000 meg of each h}drox} analog was added to urine and hjdroljzed 
at pH O, extricted, and nssnied is described above, rccoverj values ranged trom SO to 
102 per cent The addition of 2 mg of Tween 40 per tube (data omitted), to eliminate 
the inhibitory action of any oleic acid present iii the urine extracts, did not change the 
results of the assay 

Previous work from this laboratory dcuioiistrited that significant changes in the 
concentration of unnary jihenohe bodies were not obserred between human subjects on high 
and low protein diets This effect was observed onlv when protein was rigidly eliminated 
from the diet » Tlierofore no check on food intake was made es^cept by a total urine 
nitrogen determination Each subject was warned repeatedlv to aroid medicines or drugs 

RESULTS 

The icsults of the niialisis ot two consccutuo 24 houi uunc samples fiom 
10 indi\iduals aic lepoited in Table I It is ob\ious that the \alues foi the 
\anous uiinaiy constituents, especially the miciobiologicallj deteunined aio 
matic acids, ^alJ widely from subject to subject altlioiigh the two conseeuti\e 
specimens in each case show some dcgicc ot uniioinntj These \anations, 
however, aie not suipnsing in view of the woik of Williams and his colleagues 
who concluded that eicry individual possesses a distinctue metabolic peisonalitv 
or pattern and that lalues foi vaiious luinaiv constituents obtained fiom 
different induiduals often diffci bj as much as scveial hundicd pei cent 

p Hvdiovyphenjllactic acid was piesent in small amounts ranging irom 
318 to 1,475 meg, aieiage 860 meg, foi the lumes fiom the whites and 166 to 
1,465 meg, a\eiage 699 meg, foi those fiom the Ncgioes Indole 3 lactic acid 
was also piesent in small amounts, langmg fiom lOS to 486 meg, a^elage 
341 meg, and 193 to 821 meg, aieiagc 500 meg foi the same uiines The 
amount of phenjllactic acid langed from msignifictint traces to quantities not 
exceeding 406 meg per 24 houi samples 

The total aromatic hjdroxj acids determined with the Folin Ciocaltoau 
leagent on etliei extracts and calculated as j) hydioxjphemlacetic acid langed 
from 155 to 450 mg, average 253 mg, and 174 to 258 mg, average 219 mg 
for the two gioups of urine samples Here relative variations between urines 
aie somewhat smaller Thus, the 3 ammo acid analogs deteimined micro 
biologicallj constitute less than one pei cent of the total aromatic hydroxy 
acid fiactiou dcteiminecT chemieallv and calculated as p hydiovyphenvlacetic 
acid 
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It appears olivioiis, liowever, from tlie <roocl recoveiy values obtained for 
the microbiologically determined ai'oinatie acids, lliat the relatively larger 
cpiantities of other aromatic acids in the uilncs did not interfere with the 
utilization of the amino acid analogs by L. casri. Previous woilv"' from this 
laboratory showed that the various aromatic acids normally present in urine 
are relatively poor inhibitors of the metabolic conversion of phenyllactic acid 
to phenylalanine by L. cusci. In this respect, howevei', mandelie acid proved 
to be a potent inhibitor. 

Table T. Aromatic Acids and Phenols in Urine Prom White and Nforo Male Adults’' 


SURJECT 

FwVCE 

VOUVTIhK 

PHENOLS 

(MG.) 

Al:o^rATIc 

}IYim<)XY 

Af'IPS 

(MG.) 

PHKNYF.- 

LACTU' 

ACIP 

(MCG.) 

PHEN'YL* 

lACTiC 

ACID 

(^ICG.) 

IXIHJLE'3' 

LACTIC 

ACH) 

(MCG.) 

TOTAIi 

NITiCOf.EN’ 

(GM.) 

K. 

While 

117 

228 

78 

409 

251 

14.1 

K. 

AVhite 

117 

250 

It 

510 

258 

14.9 

V. 

■Wlnlc 

91 

182 

09 

318 

480 

11.0 

V. 

tVhito 

125 

165 

I 

354 

207 

11.0 

H. 

tVliite 

224 

437 

I 

1,131 

108 

I.').? 

H. 

tVliite 

302 

4.50 

I 

1,151 

200 

1.5.9 

W. 

M'hite 

172 

255 

204 

3,475 

395 

10.2 

W. 

■White 

127 

204 

1 

1,400 

407 

11.4 

S. 

tVliite 

119 

155 

400 

poo 

001 

12.0 

S. 

White 

130 

190 

117 

soo 

371 

12.0 

Max. 


302 

450 

400 

1,475 

480 

15.0 

Min. 


91 

155 

I 

318 

108 

11.4 

Axe. 


153 

253 


8C0 

311 

13.5 

M. 

Negro 

147 

220 

150 

.547 

332 

11.4 

M. 

Negro 

100 

209 

234 

719 

352 

13.0 

P. 

Negro 

103 

190 

] 

IGO 

193 

10.3 

P. 

Negro 

140 

174 

I 

183 

114 

9.1 

Q. J. E. 

Negro 

101 

250 

no 

679 

475 

11.0 

Q. J.K. 

Negro 

100 

258 

150 

.395 

197 

10.5 

K. 

Negro 

107 

237 

1 

850 

795 

17.4 

E. 

Negro 

113 

220 

I 

1,015 

821 

14.7 

Q. 

Negro 

IIG 

225 

289 

900 

700 

11.4 

Q- 

Negro 

118 

192 

312 

1,405 

720 

10.7 

Max. 


103 

258 

312 

1,405 

821 

17.4 

Min. 


100 

174 

T 

100 

193 

9.1 

Ave. 


134 

219 

— 

098 

500 

12.0 


•AH values are based on 24-bour urine samples and \olaltle phenols ns 7 >-creiiol and 
aromatic hydroxy acids as p-hydroxypbenylacetic acid, 
tlnsignificant trace 


Urinary volatile phenols, probably mainly 2 >-ci'Csol,” ranged from 91 to 
302 mg., average 153 mg., and 106 to 163 mg., average 134 mg., calculated as 
2 )-eresol per 24 hours, for the urines from the white and Negro subjects. 

While, therefore, individual urines show wide variations in the concentra¬ 
tion of the various aromatic acids and phenolic bodies, no eliaraeteristic or 
outstanding racial difference between the two groups of urines appears to bo 
present. 

SUMMARY 

^Methods are de.seribed for the microbiologic determination of phenyllaetie, 
/j-liydroxyphcnjdlaetic, and indole-3-laetic acids in urine. The volatile phenolic 



Volume so AROMATIC ACIDS A^D PHENOLS IN URINE 28^ 

Nunber2 

and <aiomatic hjdroxj acid finctions wcie dcteimincd chcinictalh nilli Poliii 
Cioealteau reagent 'While individual mines usnalh showed widi vaiiations in 
thtso constituents, no obvious chemical diflcicncc between tiu uinas Uoin tlic 
white and Negio subjects appealed to be piesent 
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PLASMA IT-HYDROXYCOliTlCOSTEROlLS IN IIYPERFUNCTJON, 
SUPPRESSION. AND DEFICIENCY OF ADRENAL CORTICAL 

FUNCTION 

A\'ery a. Sandhekg, JI.D.,* Bupf.vlo, N. Y., Kristen Eik-Nes, M.D,, anh 
Ceaude J. Migeon. JI.D.,*<* Salt Lake City, Utah, and 
fjtEOR(5E F. Koepp, M.D., BuppAr^, N. Y. 

C ONSIDERABLE advances have been made during the last decade in the 
understanding and evalnation of adrenocortical function in man. The 
determination of the 17-kctostcroid concentration in the urine has served as 
a useful tool in the clinical appraisal of endocrine abnormalities for nearly 
20 years. The availability of adrcnocorticotropin (ACTH) and the introduc¬ 
tion of new methods for the e.stimation of steroids in body fluids, however, 
has made it possible to evaluate adrenocortical function more reliably. An 
important advance was the introduetion by Thorn and associates’ of the re¬ 
sponse of blood eosinophils to the administration of ACTJI ns a te.st of adreno¬ 
cortical function. Subsequently, Thorn and co-workers' reported that the 
changes in the urinary exci'ction of IT-kctostei’oids and 17-liydroxycorticn- 
steroids were more direct indices of adrenocortical function. Recently, the 
development of methods for the determination of free blood I7-liydroxy- 
corticostcroid (17-OHCS) levels has made it possible to study more precisely 
changes m adrenocortical activity and in the metabolism of 17-OIICS.'’ * The 
measuceinent of free plasma 17-OnCS reveals the concentration of cortico¬ 
steroids before they are extensively metabolized, con,iugated, and excreted in 
the urine.^’ ■* 

In this paper we wish to present data 021 pla.sma 17-OHCS levels and their 
changes during ACTH or steroid adininisli’ation in: (a) patieiits who had 
beei\ on prolonged steroid therapy; (b) patients with adre 22 al insufficiency; 
and (c) ])atients with Cushing’s syndrome. In addition, the 22 ietabolism of 
C’'‘-]aheled eoi-tisol (hydrocortisone) was studied in sojne of the subject.s. 

JIETIIODS AND MATERIALS 

Plasma 17-OHCS lovets were <letermine<l in the early part of the study by the method 
of Nelson and tSamuels^. -i and, more recently, by the method of Silber and Porter* ns 
modified by Eik-Nes.a 

Plasma 17-OHCS levels on patients tvlio had been on prolonged cortisone (or 
cortisol) therapy were determined on bloods drawn following cessation of such therapy. 
The last dose of steroid was taken not later than 6 p.m. and the blood samples were ob¬ 
tained between 9 and 10 a.m. of the following da}'. The ACTH tests and the method of 

From the Roswell Park Memorial Institute and the Department of Medicine. University 
of Buffalo School of Medicine, Buffalo, New ITork, and the Department of Biocliemlstry, 
University of Utah. College of Medicine, Salt Lake City, Utah. 

Received for publication Feb. 11. 19B7. 

•Work performed during tenure of a Scholarship in Cancer Research (1953-195B) of 
the American Cancer Society. 

••Present address: Department of Pediatrics, Johns Hopkins Hospital, Baltimore, Md. 

286 


Wlun « >0 


PL \SMA 17 in DROWrOUTICOSTEROIDS 


287 


vdmint<'tr’\tion of %anous steroids line been described prc\ionsl\ t s xiie methods for the 
idministration of 4 cortisol niid determiimtion of ridiooetiMt\ lm\e been described in a 
proMous publication® Patients uith knoun Addison’s disease uere taken oiT their cortisone 
or cortisol thernpN for a minimum of 3 dn>s before the test but nere maintained on DOC 
therapy 

RhSULTS 

1 Paftruts St\(dicd Afici Ahnipt ('e^^iation of Stcioid Admini<ifiation — 
The Ip\els of plasma 17 OlICS o^c^ a 0 horn pcuod (0 vm to 3 p m ) in a 
}?ioiip of 12 patients ■who had been on piolongcd cortisol oi coitisonc theiapj, 
follo'sNed bj abiiipt cessation of the thciapj the da> befoie the blood samples 
were obtained, aie compaiod in Tig 1 with the \allies obtained in a gioiip 
of 16 normal subjects The mean \allies foi the patients who had been on 



Fie 1—Plasma 17 0HCS le%€ls In patients (open circles) following abrupt cessation 
of long term steroid therapy the day before the sampling and In normal subjects (closed 
circles) from 9 am to 3 p m The solid and broken lines represent the means of the 
plasma 17 OHCS In the normal subjects and In the steroid treated patients respectively 

steioid theiapy aie much lowci than those of the contiol gioup Most of the 
■values (0 to 4 jxg/100 ml of plasma) in the tieated subjects wcic below the 
le\el of dependability of the method employed and aic difficult to dctcimine 
accurately b> the method used ® * Some of the patients had ^ allies w ell 
within the noimal lange, e\en though these subjects had been on high doses 
of steioids foi prolonged periods of time The giadual decline of 17 OHCS 
le\els in the control group leflccts the noimal diuinal ^aIlatlon of these 17 
OHCS 

In oidei to eialuate adienocoitical capacity in patients ■who had been on 
piolonged steioid therapy, a standard ACTH test was perfoimed bj infusing 
40 IU of ACTH intravenously o\ei 6 houis ^ In Fig 2 aie shown the changes 
in plasma 17 OHCS le%els dining the infusion of ACTH It is appaient that 
5 of the patients had a subnormal response The 17 OHCS lose noimally in 
one patient, a 66 year old woman with a disease suggestl^e of lupus erjthema 
tosus who had been on oial cortisone acetate therapj (50 to 150 mg every 
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day) iov at least a year. Iia Fig. 3 avc slio-wn the changes in plasma IT-OHCS 
levehs in a male patient (L. C.) with rhcwmatoicl arthiitis given ACTIl on 4 
huceessive clays following cessation of long-term coitisone acetate tlicrapy. 



Fit: —riianprs m pla-snia 17-OHCS lc\cl'- during tlio infusion of 10 unit- of \C 1 [I 
in h subjotfs follonine iibiuut cessation of pioIonBCd stcioid tiici.im. Sluulcil iicii rcino-ciu- 
i.inRo of response in noimal subjects 



Fir 3—Changes m plasma 17-OHCS of Subject L C (40-\ear-old male) a patient 
mth rheumatoid arthritis treated uith coitisone acetate (250 me daily orally) for C months 
On four successite da^s, follouine sudden discontinuation of the steroid therapy. AC in 
(40 units) uas gi'cn intraienousl} over C hours and the changes in plasma 17 OHCb ueic 
determined Tlte shaded areas represent tVie lange of normal response 

On the first day the response was definitely subnormal, similar to the 5 pa¬ 
tients in Fig. 2, on the second day it was slightly more adequate although 
still not normal, and on the third and fouitli days the lesponses apptoaehed 
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normal It should be noted that the changes in the jdasnia 17 OIICS lesponse 
111 Patunt Tj C Meie piobabh mflncnced bj tlio dnih adininistiation of 
ACTJI 

Out patient (AV N ), a 32 jt.n old Mumuii -iMth acute leukemia, had been 
on 200 mg of coitisone acetate loi out month, iolloned b^ giadual discon 
tinuance of the steioid thciapj o\ci a pciiod of seNeial dajs, nith the Jast 
dose of 25 mg cortisone acetate being takiu on Maich 31 On Apul 1 the 
patient’s plasma 17 OHCS lei els -wcie 7 /tg at 9 v m , 9 ns at 10 a m , and 4 
/tg at noon The eienuig of that da\ the patient de\ doped se\eic chills, 
tainted, and Mas hospitalized foi septiccini i On Apiil 2 hoi plasma 17 OHCS 
w 01 e 42 /ig at 9 A M , 39 /*g at 10 a m , and 27 /ig at noon In this patient rapid 
iccoierj of adieiiocoitical eapaeiti undet sticss oceuiied e\en aftci steioid 
thtiapj of scicial Meeks’ duiation 



Tier 4—Clearance of 17 OHCS from plasma following tic Intravenous injection of 50 
mg of cortisol into subjects following abrupt cessation of longterm cortisone oi coitlsol 
therapy Tlie results are compared to the average of normal subjects The control plasm is 
of the patients did not contain any demonstrable 17 OHCS Ie\els 

One possible explanation for the Iom plasma 17 OHCS let els in patients 
aftei long term administration of steroid compounds is that the prolonged 
administiation of steroids might altei the metabolism of 17 OHCS In ordei 
to test this possibility, 4 patients who had been on long teim, high dose thei 
apy of coitisone acetate received 50 mg of cortisol intiatenouslj on the day 
following abrupt cessation of tieatment, and the cleaiance of 17 OHCS fiom 
then plasma was determined The lesults aie shown in Fig 4 In none of the 
4 subjects wete concentrations of 17 OHCS deteiminable in the contiol plasma 
samples The cleaiance rates in the patients were similai to those of normal 
subjects, even though in 2 patients (R M and A S ) the concentiations weie 
significantly higher than those seen in normal subjects The amount of 
coitisol admmistcied to the patients and the noimal subjects Mas appioxi 
mately twice the phjsiologic daily requirement, hoMe\ei, and although the 
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results do not support the liypothosis o£ altered nietabolisiii, they do nol dis¬ 
prove il. To pursue this proposition furlher, tracer aiuounis of C’Mabelcd 
cortisol (1 nc/245 /tg) were given to 2 jiatients following sudden cessation of 



Fis. 5 —RaUioactivity in tne plasma free-steroUt fraction anil In the Kliicuronhiate 
fraction of nornml subjects and two patients, who had been on jirolons'cd steroid tlierapy, 
following the injection of C'<-cort!sol. Patient t, S. had the neplirotic syntlrome witli 
generalized, set ere edema complicating generalized lupus erytliemiitosus at the time of the 
•study. 



HOURS AFTER INJECTION 

yj>7M 

^—l'rin,ary radioactivity following the injection of C”-cortisol to same subjects as in 
Fig. 5. Shaded areas represent the steroids leieased by iS-gJucuronidase hydrolysis. 


pi'olonged steroid therapy and the results compared to the mean of 5 normal 
sub,iects. The plasma levels of radioactivity readily extractable by chloro¬ 
form (free steroids) and those of radioactivity released by y?-glucuronidasP 
hydrolysis (glucuronidates) are shown in Fig. 5, The rate of clearance of 
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fitt. steiouls ^\as noimal m SuUjut U The much Io^\(i ton 

nutidtious of “tut' lu Patient 1 j S iiuu Uim bttii dut to se\cic, 

gtuciali/o(l otleiiui pustut at the time lu this ]ntuut In Pig 0 aie shonii 
unnaij tontoutiahous oC laiiioaetuilj m these patiuUs None of the sub 
icets t\ciet((I inou th m d pei cuit ot the iadio<uti\it\ .uiininisltitd m the 
fue foiin 

2 .l(?(cnocojttc«J InwiJJtcxcncy —fetaiidaid ACIH tests of adunoeortical 
(npaeit\ wcie ptiiouued m a gioup of patients with known oi suspected 
Ad(fisou'‘s disease In Table I aie shown the 17 OIICS levels in the plasma 
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•Deoxycorticosterone trimelh>lacetate 
For explanation of underlining see text 


of patients with pioscd Addison’s ihscase diuing the administiation of ACTff 
The lesults aic eouelated with some of the clinical data J^oi complete lutei 
pietation of the lesults in this table it should be sticssod that the plasma 
17 OIICS weie detei mined by the method ot Silber and Poitei® as modified 
bj Elk Kes*^ Ihc undeilined le\els of 17 OHCS in Table I aie fiom simples 
exhibiting a peak absoibancj at 410 m/* in the Porter Silber leaction “ similai 
to the absoibance of 0 5 jug of ciystalhnc coitisol taken thiongh the entiie 
pioceduie This peak was not piesent in the icmaming (not undeihned) 
samples The peaking at 410 is highlj indieitne that the meisiiied levels 
aie duo to the piesence ot minute quantities of steiouls exhibiting i 17, 21 
dih} diOX}-20 ketone side chain (coitisol and some of its metabohtes) Ihc 
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method used'' for the detenniiiation of the IT-OHCS levels will not measure 
accurately concentrations of 17-OIIC.S below 3.2 /ig'/JOO ml. of plasma. The 
range for normal suh,iects between 9 a.m. and 2 is 7 to 15 /tg/300 ml. of 
plasma, the average being 30 pg. 

From Table 1 it can be seen that none of the patients with Addi.son’s di.s- 
ease had control values of plasma 17-OlIOS within the normal range, and only 
2 of the control values fell within the reliable range of the accuracy of the 
method. In 4 of the subjects the admini.stration of ACTII resulted in the 
appearance in plasma of cortisol-like substances (underlined values) .as indi¬ 
cated by their absorption at 410 m/t. None of the ])atients. however, showed 
a response to ACTH which a])proachcd that of normal sulj.iecls. There was no 
aj)parent correlation between the elinic.al ])icture of these patients .and the 
appearance of cortisol in the plasma. 



Figr. 7.—Plasma 17-OHCS levels In subjects with adrenal disease. Note lack of 
response of patient •with carcinoma of t)»e adrenal gland and exaggerated re.‘«ponses of 
patients with adrenal hyperplasia. 

In Pig. 7 are shomi the changes in the plasma 17-OHC.S levels in a snb- 
,iect (J.) with calcification of both adrenal glands. This 30-ycar-old nmn had 
noticed definitely increased pigmentation of his skin and salt-craving. The 
response of the 17-OHCS to the administration of ACTH is definitely .sub¬ 
normal and may indicate partial adrenal insufficiency. 

3. Adrenal Ilypcrf^inction .—Changes in plasma 17-OHCS levels during the 
intravenous infiisioi\ of ACTH wei-e deteisnined in 4 patients with Cushing’s 
.syndrome. The results are shown in Pig. 7. In all the cases the control 
pla.sma 17-OHCS levels were repeatedly much higher (35 to 82 yg) than those 
seen m normal subjects (7 to 15 /ig). 

Two of the patients with adrenal hyperplasia (T. and L.) showed re¬ 
sponses to the infusion of ACTH which Avere of much greater magnitude than 
those seen in normal subjects. The response of Patient S. Avilh adrenal hypei-- 
plasia Avas not as prominent as that seen in Patients T. and Iv., and was similar 
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to the icsj)onsc of inumal subiecfs No significant changes in the plasma 
17 ones Ic\els occuiiccl m the male subject with Cushing’s sjncliome due to 
(aicinoinn of the left adicnal gland uith inctastascs to the lung Subject P 
nas a man uitli Cushing’s sindiome due to bilateial adicnal Iniieiplasia foi 
uhich bilateial total adienaleetomj had been peiformcd iAIoic than a jear 
aftei the opeiation the plasma from this patient contained noimal loiels of 
17 OHCS, uhich did not use significantlj- ulicn ACTJI was administered On 
anothei occasion, uhon the patient uas taking 0 5 mg of fluoiolndiocoitisonc 
4 times daih, and lus urinarj IT-OIICS langcd from 0 70 to 1 05 mg pci daj, 
the administiation of 80 units of ACTJI dailj foi 5 dajs resulted in a rise of 
the uiinaiy 17 OHCS, uith the fust dai’s cxcietion lieing 1 84 mg and the 
fifth dai’s 4 23 mg Those findings indicate that ciin though bilatonl ad 
icnalectoun had betn pcrfoimed on this patient some functioning adreno 
coitical tissue uas still piescnt in the patient, although it uas sluggish in its 
icsponsc to AGTII 

DISCUSSIO'^ 

That the administration of adienal stcioids uill cause atiophy and hjpo 
function of the adienal cortex of nmmnls lias been knoun for many yeais“ 
These findings ha^c been conoboiated in human subjects dining the ad 
ministintion of theiapeutic doses of cortisol oi coitisonc^^ “ The results of 
the picscnt study, based on plasma 17 OHCS IcieJs, conJiim the profound do 
piossion of adicnocoitical capacit'v piodiiced Jongteim steroid therapj but 
also indicate the considerable individual laiiation in the speed uith 11111011 
adienocortical function may letiun to noiinal Examination of the experi¬ 
mental and clinical data fails to icieal aiij significant coirelation botiieen 
the dose of steioid taken, the length of time of steroid theiapj, the depression 
of the plasma 17 OHCS leiels, and the icsponse of the plasma 17 OHCS to 
ACTH In one subject (L C ) the icsponsc of the plasma 17 OHCS did not 
leturn completely to noimal e%cn nftei 4 successne daily intiavenous ad- 
ministiations of ACTH, uheieas Subject M G shoued a fan ly normal re 
sponse dining the fiist day FoIIoA\ing gradual 1 eduction and then discon 
timiation of coitisone therapy, Patient AV N also had a noimal elevation of 
17 OHCS lev els follow mg the stress of an acute infection 

The rates of metabolism of a 50 mg dose of cortisol in patients who had 
been on prolonged and intensnc stcioid therapy did not diffei significantly 
fiom that obseived in contiol subjects The metabolism of 4 C*^-cortisol was 
essentially normal in one of the two patients who reccived a tiacer dose of the 
radioactnc stcioid The othei subject (L S ), at the time the ladioactne 
cortisol was miected, had sevoie, genciali/cd edema and a clinical pictuie com 
p.atible With the nephiotic sMidiome complicating lupus eiythematosus 3'he 
lowei levels of radioactivity 111 the plasma fiec steioid finction may be le 
hated to migiation of C^* coitisol into the large extravasculai space Previous 
studies have shown that 17 OHCS may appear in extravascular fluids^® A1 
teicd metabolism, however, of coitisol cannot be luled out in Patient h S 
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Prom the data presented it is apparent that most patients with definite 
clinical evidence of Addison’s disease do not have significant amounts of 37- 
OHCS in the plasma, even after maximal stimulation with ACTII. In several 
patients, however, the administration of ACTH resulted in low but definite 
concentrations of 17-OIICS in plasma indicating the presence of small amounts 
of adrenocortical tissue. Most, but not all, patients with Addison’s disease 
have been shown to have demonstrable amounts of ACTII in their blood, 
whereas this is not so for most normal subjects and for patients with Cushing’s 
syndrome.’®'’® The presence of demonstrable ACTII activity in the bloods of 
most subjects with adrenal insufficiency has been postulated to be due to lack 
of cii'culating corticosteroids which regulate and inhibit ACTII production 
by the pituitary. In patients with Addi.son’s disease who ma 3 ' have small 
amounts of functioning adrenocortical ti.s.sue one might expect maximum stim¬ 
ulation of the tissue by the high circulating levels of endogenous ACTII and 
hence no response of the plasma 17-OIICS levels to the exogenous ACTII. 
Nevertheless, in 4 of the patients of the present stud.v definite, albeit sub¬ 
normal, elevations in circulating 17-OIICS were seen during the ACTH in¬ 
fusions. It is possible that these subjects did not have elevated endogenous 
blood ACTII levels, and hence, the small remnants of adrenocortical ti.ssuc 
responded to the large amounts of exogenous ACTII. In this conneetion, it is 
interesting to note that Addison’s disease due to unitropic (ACTH) deficiency 
of the pituitary gland has been reported rccentl.v.”' It is possible that .some 
of the subjects in the present study who re.sponded partially to ACTH may 
suffer from such a deficiencj'. 

The existence of partial adrenal insufficiency is indicated b}' the subnor¬ 
mal response to ACTH of some of the patients who had been on pi’olonged 
cortico.steroid therapj' and by Subject J. A similar picture of jjartial adreno¬ 
cortical insufficiency has been described previouslj’.’- 

The changes in the plasma 17-OnCS of patients with Cu.shing’s .s.yndromc 
produced bj'’ the administration of ACTH indicate that in most cases of 
adrenocortical hyperplasia the response is exaggerated, occasionailj* to an ex¬ 
treme degree. On the other hand, in the patient with carcinoma of the adrenal 
no significant changes in the plasma 17-OHCS were apparent. A previouslj’ 
published report indicated that of 3 eases with Cushing’s s.vndrome the sub¬ 
ject with adi’enocortical carcinoma exhibited an “inflexible, autonomous t.vpe 
of increased steroid production and excretion unaffected bj”^ ACTH.”-’ On 
the other hand, the patient with an adrenocortical adenoma and the subject 
with adrenal hj^perplaisia exhibited a “flexible type of increased cortico.steroid 
production and excretion which I’csponded in an exaggerated manner to 
ACTH stimulation.Recentlj", one of us-- made a j-eview of the eases of 
Cushing’s syndrome followed in several clinics. The effect of ACTII ad¬ 
ministration (25 T.U. intravenously over 4 to 6 hours) on plasma and/or 
urinary 17-OHCS was studied in 56 cases of bilateral adrenal h.vperpla.sia, 11 
cases of unilateral benign adenoma, and 11 cases of adrenocortical carcinoma. 
In the hyper-plasia group, 51 patients exhibited a hyperresponse, 4 a normal 
response, and 1 no significant change. Of the 11 cases of adenoma, 8 .showed 
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.1 InpLiiespouse, 1 a noiinal lespoiise, and 2 no tlianjjo J'jnall}, 2 patients 
Mitli eaieinoma of tlu adiojul tO!tc\ li.ul a li\p( ii ospnnso, 1 a noimal ic 
s))(insj, and S did not iispoinl 

Fiom the Ksulls jnesontod it uould appeal that tlu dettiniiuation of the 
plasma 17 OIICS levels maj gne* us impoitnnt iiifoimation in the evaluation 
of adienoeoitieal function The capncitj ot the adional eoitev is not an all- 
01 none phenomenon, Init one showing lonstdciabU vaiiation fioin subject to 
subieet and within one clinical entitv, eg, adienal insiiflicicnc} oi hypei 
funetiun 

suvni iKi 

Plasma 17 OlICs levels and adienoeoitieal capaeitj wcie gicatlj reduced 
in most patients on longtcim stoioid (eoitisol, eoitisoiie) theiapj In some 
subpets howevii, the adicnal coitev showed lemaihable ability in ictmnmg 
to noimal function aftci abiupt cessation of stcioid theiapv The rate of 
metabolism of intiavonousl} administeiod coitisol vvas essentially normal in 
subieets following abiupt cessation of piolonge'd steioid thciapy, although 
the plasma l7-0nCS conccntiations tended to be highei m 2 of the patients 
Foul of 12 patients with Addison’s disease had low levels of 17 OHCS dming 
ACTH infusion Two of 3 patients with Cushing’s sjndiome due to adreno 
eoitieal hv peiplnsia showed e\aggeiatcd plasma 17 OHCS levels diuing ACTH 
infusion, while the thud patient had a faulj noimal iespouse A patient with 
functioning caicinoma of the adienal showed elevated 17 OHCS levels with 
no changes dm mg ACTH infusion 

We wish to thank the Lndocnnologj Stu<]\ Section of tho National In'»titute of 
Health for generousU «iupph;ng the C'< cortisol 

Thanks are due to Jtr La\^rencc Beecher and Afr- Kan Bnnck Tohnsion for tech 
meal a‘!sistance 
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LABORATORY METHODS 


A (JOLOlUJIETJUC PROCEDURE FOR THE DETERJIINATION OF 
SERUJI GEUTA5IIC OXALACETIC TRANSAMINASE 

Thfodore S\el, Pii.D.,* Harriet K. Richards, B S., A S.C P , 
Esther Harrison, A.B., and Ralph M. JIyerson, M D 
Philadelphia, Pa. 


T he possible clinic,il significiHicc of .m incrc.oscd serum glutiimic o.'c.ibceetic 
tiansi'iminase (GOT) level, was reported by La Due, 'Wrobleivski, and 
Karmen '■ * Numerous publications have since appeared in which the triins- 
amiiiase •activity has been employed as a diagnostic tool'' "■ increased scuim 
transaminase activity has been reported in pathologic conditions involving 
myocardial infarction,'' *' “ hepatocellular damage,'' " obstructive jaundice,' 
and acute panere.atitis' 

Karmen" devised a spoctrophotomctric method for determining GOT ac¬ 
tivity. The assay is based on the transamination of aspaitic acid with a-koto- 
glutni'ic acid to form oxalacetic acid and glutamic acid (Equation I); as 
o.valaectie aeid is formed, it is reduced to malic acid in the presence of ex¬ 
ogenous malic dehydrogenase and reduced diphosphopyridinc nucleotide 
(DPNH’) (Equation II) The amount of DPNII* oxidized to DPN is deter¬ 
mined with an ultraviolet spectiophotomcter and expressed as transaminase 
units. 


I'qmUon I ■ 

HOOC on, CIINH. COOH 
Aspartic Acid 

iiooc cir,co coon 

Ovilacetic Acid 


IIOOC cii. cir. CO coon 

o Ketoglutaiic Acid 


Transaminase 
37" C. 


Phosphate Buffer pll 7 1 


+ HOOC CH. CH, CHNH, COOK 
Glutamic Acid 


r«jii{ilion II 

Malic Dcli}drogenn'5e 

HOOC cn.co COOH + I)PNH +-^ HOOC CIPCHOH COOH + DPN 

Phosphate Buffer 

Oxnlacetic Acid Co I IIj x- Malic Acid Co 1 

1 quatwn III 

Aniline Citrate 

HOOC CH, COOH -> CH, CO COOH + CO, 

37" C 

Oxalacetic Acid P^ru\ic Acid 


Pa 


From the Medical Research Laboratory, Veterans Administration Hospital, Philadelphia 
Received for pubiication Nov 26. 1956 

•Present address Unuerslty of Pcnns>l\anla School of Medicine Philadelphia Pa 
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The method of assay described in this paper does not involve the use of 
an ultraviolet speetrophotometer or DPN. It is a modification of Ihe pro¬ 
cedure described by Tonhazy, ^Vhite, and UmbreiP- for the determination of 
transaminase aetivity in tissue.® The assay is similar to the Karmen method 
in that the same basic transamination reaction (Equation I) is involved. How¬ 
ever, the reduetion of oxalaeetic acid to malic acid (Eejuation TI) is replaced 
by the conversion of oxalacetic acid to pyruvic acid by aniline-citrate (B((na- 
tion III), and a subsequent quantitative determination of pyruvic acid by the 
formation of its 2,4-diniti’ophenylhydi’a7.ine derivative in a manner similar 
to that described by Priedomaun and Haugen." 

RK.\GENTS AND EQUIPMENT 

1. BufEor, pH 7.4 (.0.1 M]; Soctium PUospUatc Buffer (2.SO Gm. Nu;]tl’0i-tl;0 uuil 
11.83 Gm. Knll-PO, [anhydrous] dissolved in water and diluteil to one liter). 

2. Sodium .\apartate (0.2 M); O.GOS Gm. Pi.-aspartie acid dissolved in 20 ml. of above 
buffer, pll adjusted to 7.4 with 2.5 N KOII and diluted with buffer to 25 ml. Small ])nrtions 
of this and the following solution wore plaee<l in tubes and stored at -20° C. 

3. Sodium a-kctoglutarate (0.1 M): 0.3C5 Gm. o-kctoglutaric acid ilissolved in 20 ml. 
of buffer pH adjusted to 7.4, with 2.5 N KOH and with buffer diluted to 25 ml. 

4. Ten per cent luetapho.sphoric acid: 10 Gm. metaphosphoric acid dissolved in water 
and diluted to 100 ml. 

5. Aniline-citrate: 100 Gm. citric acid dissolved in water and diluted to 100 ml. Imme¬ 
diately prior to use equal amounts of C.P. aniline, which was not redistilled, and citric acid 
were mixed together. 

6. 2,4-dinitrophcnylhydrazino reagent (0.1 per cent): 0.1 Gm. 2 , 4 -dinilroplionylhydra- 
zinc dissolved in 20 ml. concentrated (37 per cent), IICI, diluted to 100 ml. with water. 

7. Water saturated toluene: 100 ml. of reagent grade toluene shaken thoroughly with 
10 to 15 ml. of water in a separatory funnel. The excess water is removed, and the toluene 
is stored in a brown bottle, at 4° C. 

8. Alcoholic KOH (2,5 per cent): 2.5 Gm. KOH dissolved and diluted to 100 ml. with 
95 per cent ethanol. This was prepared daily. 

9. Sodium Pyruvate Standard: Sodium pyruvate was prepared according to Robert- 
son.io Ten milliliters of redistilled pyruvic acid, dissolved in 100 ml. ethanol, was neu¬ 
tralized with alcoholic NaOH (10 ml. water saturated NnOH diluted uith 100 ml. ethanol) 
with constant stirring in an ice batli. Sodium pyruvate precipitated out as a white amorphous 
powder. This precipitate was collected on a Buchner funnel and washed four times with 
50 ml. of cold ethanol, and twice uith 25 ml. of cold ethyl ether. The white powder was dried 
OA’er calcium chloride for 18 hours in a vaenum de.siccntor. A stock solution containing 800 
meg. of i>yruvic acid per milliliter n:is prepared by dissolving 109 mg. of sodium pyruvate 
in 100 ml. 0.1 M PO, buffer pH 7.4. 

10. Photoelectric Colorimeter with 450 m/j filter. 


PROCEDURE 


The enzyme as.say wa.s performed in the following manner: To 2 (IS x 150 mm.) 


test tubes, the following were added: 
TBRT 

0.2 ml. serum 
0.3 ml. buffer 


0.5 ml. ui.-aspaitato 


BLANK (Zero Time Control) 

0.2 ml. serum 
0.3 ml. ljuffer 

0.3 ml. 10 per cent motapbospliorie. .acid 
0.5 ml. I>l,-aspartnfe 


•Following the development ot this method, we were informed tlrat Dr, W. W. TJiuhreit 
adapted tlie Tonhazj-, White, and Umbreit procedure for tlie determination of serum glutamic 
oxalacetic transaminase. 
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Mix nnd iiiciiinto for 30 tiiitiulos 
It 17“ C 

0 2 ml a keloRlutaratp 0 2 ml o kntoj,’lut iratp 

Mix and iiKnlMti for 10 mimitps 
nt 17“ C 

01 ml 10 per cent mctnplio^plioric acul ___ _ _ __ 

Two drops of aniline citrate are adrlcil to each tube, and iriciibateJ for 10 at 37'’ 

One Tnillihlcr of the 01 per cent 2,4 lUnitrophenxlhjdrarinc reagent is then ad led to emh 
tube, and the tubes again incubated for 5 minutes at 37® C The tubes arc renio'cd from 
tho water bath and 3 0 ml of water saturated toluene is added, to extract the piruio 
phcnjlbydrazlnc The tubes and their contents arc mixed iigorously, and then <en 
trifuged for 5 minutes The toluene later is romoted with a cnpillart pipette, nnd placed 
in a separate tube One milliliter of the toluene extract is placed in a coloi’imetor tiii.t 



Kip 1—Relationship of sodium p> ruto <linltroph.»n> lh> clrazlne to optical dcnsllj 

containing 5 ml of 2 5 per cent alcoholic KOlf solution ond 0 5 ml of water The con 
tents in the tube arc mixed and allowed to stand at room temperature for 10 minutes 
The tubes are read at 450 m/i in a Dausch and Lomb “Fjpectromc 20photoelectric 
colonmeter The coloriraotcr was zeroed (blanked out) with the zrro time control and 
the optical density obtained with the test was read against a standard p\ru\ic ^*^“1 curie 
to determine the amount of pjruxic acid A standard control, containing JOO mtg of 
sodium p}ruvatc is incorporated in each senes of determinations 

STANDARDIZATION 

This method was standardized b\ the addition of varying amounts of sodium pjru 
vate, in 0 3 ml quantities, to a zero time control in lieu of 0 3 ml of buffer, treated 
in a similar manner as the zero time control ••jstem The standard was read against a 
zero time control, and a straight line relation'ihip was found to exist between the con 
centration of sodium pjruxate and optical d«nsit\ (Se. lig 1 > 

C\LCUI^TION‘n 

A Karmen unit is defined ns the enzymatic actixit^ of 1 ml of serum which would 
oxidize DPNII* (Equation II) resulting in an optical density change of 0 001 'it ^40 mp 
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in J '"’"'If''. Tlio Knniwn {inu-ohirc requires 200 incff. of in a ;!.0 ml. svsfcm 

mcjr. per niilJiliter. The micromolar extinclion coofficienl of DPNH- Iwin;,' 
/.uw/nil.,3 one rnicromol in 3 ml. would "ivo nn optical density vft)»e of 0.22 or 2.07/nil. 

A .scrum contnininp, .say, nOO Karmen units per inillitifer would produce an optical 
density change of o.OOO in 10 minutes. Tliis is equivalent to the formation of {.5.000/2.07) 
2.-}2 pAf of pynivato or (2.d2 x SS) 21.1 meg. of pyruvate. 

The outlined procedure requires 0.2 mt.-of scrum in n 1.5 ml. renetion .sy.stem, wliich 
is equivalent to O.-l nd. of serum in a 1.0 ml. reaction system. Pour tenth.s milliliter of 
tins serum, containing .500 Karmen iinil.s, would, therefore, proihier- (0.4 k 214) S.7.2 meg. 
of [lynii-nle. t’oiiscqiiontly 0.2 ml. of this serum in a ml. reaction .system would jiro- 
duce -12.1 meg. of pyruvate. 

The following etiuation has heen eniidoyed l<i eotiverl the olitaiiicd oiitical iteusitj 
values to Karmen nuits; 

O, IX of Test 


0.“lX Vifl2.1 tneg.' == 


Ut'.'<UI.T.S .VXD DI.S(;iJ.'<.sIO.\ 

Tilo vjilidify .oiid .siK'cifieit.v of Dtc Tonbazy, ‘While, and UinbTcil nictliod 
for the delcriuiiintion of lritii.sainina.se activity in ,serum wa.s verified by em- 
pJoyinfr eomplete, incomplete, and additive s.v.stem.s. Table I depicts the re- 
.siill.s obtained with such .sy.slem.s. 


TAm.r. I. OrriCAi, Df.s.sity V.vt.ur.s or Pyiuivo-Di.siTr.oriiKS-oi-HYmt.\zoNr. OnTMKr.n With 

COMI't.KTK, iNeoMM.KTB, AX1> AMUTIVB PYSTKMS 


SYSTEM* 1 

OrTIOAt. PESRITY 1 

1 OrTlCAI. pr.SRlTYt 

Jmietivnicd .spriimf 

.620 

— 

.Serum + aspartate 

,078 

.056 

f4enim + a-kcfoglufnrate 

.638 

.022 

Complete system 

.706 

.174 

Complete system + 250 pg pyruvate 

.005 

.284 

Complete system + 250 pg oxalacclatc 

.000 

.27S 


*J?cnct)on terminated with 0.3 ml. 100 per cent TCA. 
tCoIorlmotor zeroed (Wanked out) with water. 
tColorlmctcr acroed (hlnnked out) with Inactivated serum. 

?Serum inactivated with 0.3 ml. 100 per cent TCA. 

Increasing the incubation time and/or the amount of scrum yielded a pro¬ 
portional inei'oase in the amount of pyruvo-dinitrophenylhydrazine. These 
dalii are presented in Tabic 11. Tin* addition of pyridosal phosphate wji.s with¬ 
out effect. 


TABi.n II. Kfckcts or Incciiatiox Time axp Various Amounts of Serum o.\- the 


Formation of Pykovo-Pinitkophekoi^hydrazokk 


IKCURATrON TiJfE 

{OTN.) 


ME. or SERUM 


MU of buffer 


pyruvo-dinitro- 

rHENOLHYDRAZONE 
(MCO.)_ 


0.0 

2.5 

.5.0 

7.5 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 


0.2 

0.2 

0.2 

0.2 

0.2 

0.0 

0.05 

0.10 

0.15 

0.20 


0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.15 

0.10 

0.05 

0.00 


0.0 

26.4 

51.0 

75.8 

102.5 

0.0 

25.6 
48.2 

70.7 

104.6 
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1 \HiFlir CoMj iisf)s 01 Zjko Time CoNTfOi and Tests’Witii OiFFFrrNT Conce\tp\tio\s 
O l Ml T\l nosi none ACID \NO TriCHLOFOVCETIC vein 


S\ST|M 1 

\(lli — 11 { ML (lit CIST; 

OPTIC VL DESStTV 

/( ru 

tlllR 

• otitrol 

IIIO M<l 

iplinsp(iuri( 

U ISJ 

ro-t 



100 Mil 

ipliospitorif 

0 {S7 

/ ro 

tini< 

4 mitral 

100 rriclilora iictic 

1 30S 

Itst 



loo 1 ri< lilomncrtK 

1 600 

Zero 

lime 

eoiitrcil 

10 Motaplios[i}iuric 

0 147 

Te**! 



10 Metnpho«‘p}iorir 

0 347 

Zero 

turn 

1 ontrol 

10 Tnrliloroncrtu 

0 S30 

Tixt 



10 Tri« liloroncetic 

1 032 

1 Mil 1 n 

( iiMI 

M ISOS OI Tl V\SVM1N\SL ^ 

\CTIMT\ \ Mils* 

OhTMSiD With thi Kvimis 

Mn it »1» 11 

sn \/\ W uiTi, 

\M> UiiitPUT Mftjioi) (ICV; 

vsii On Moiuhcvtios 




(METtriiosi iimic Vein) 




1 


1 MET Vinos 

1 

MPl M N( 


K \l Ml S f 1 

TCA 

j PHOPIC 

j iiivrsosis 

1 


02 

11 , 1 s 

0,0 

Norm il 

2 


'» J 

11,20 

5,S 

yormtl 

T 


7,9 

15,20 

10,33 

Vorni tl 

4 


Jo JS 

40,4S 

27,33 

Norm'll 



s 40 

56,63 

40,41 

Xorm'il 

r, 


40 4J 

60,75 

41,45 

Norm il 

7 



70,S2 

54,3S 

Xormal 



o7 SO 

71,SO 

60,65 

Normal 

0 


(j0,03 

75,04 

00,6S 

Norm'll 

10 


70 74 

9 ",105 

75,80 

Normal 

11 


oS,'j7 

SO ,03 

59,(>2 

Cjrrliosjs of liter 

12 


lO'J IIJ 

140,173 

111,137 

Cirrhosis of liver 

n 


'‘S.-'S 

6I,7S 

'’9,4” 

Cirrhosis of liver 

14 


4S0,4C0 

'’20,380 

470,4S5 

\cute hepatitis 

IS 


TOO.^oiS 

530,610 

810,840 

Acute hepatitis 

10 


*»Jj 

500 

SOS 

Chronic hepatitis 

17 


IIIOll 

035 

ins 

Clironic liepntitis 

IS 


ins 

206 

37S 

Hepatitis 

in 


roj 

425 

OiS 

■\cute nuocarilnl infiro 






tion 

20 


110 

400 

33S 

Acute mjocardial iiifare 






tion 

21 


IS4 

250 

106 

Mvocardial infarction 



OJ 

04 

66 

Mjocardial infarction 

2 i 


7 I 

inn 

77 

Mvocardial infarction 



14S 

183 

15S 

Miocardial infarction 



no 

174 

136 

Mjocardial infarction 

2 r, 


100 

130 

105 

Mvocardial infarction 

07 


191,107 

242,278 

20” 200 

Constrictive pericarditis 






(etiologj, tuberculosis) 

2S 


340 

410 

367 

Rheumatic heart disease 

20 


2 50 

276 

241 

Thorazine hepatitis 

''0 


OS 

87 

73 

Pulmonarj embolism uith 






pleural effusion 

'll 


IS 

31 

30 

Obstructing ulcer 

i2 


03 

150 

100 

Carcinomatosis 

'* > 


144 147 

186,210 

148,353 

CA of .ascending colon 






with hepatic metastasis 

14 


SS,0J 

148,1S2 

93,100 

Grand nial epilepsv 

iO 


150 

103 

15S 

Obstructive jaundice 

1G 


IS 

4S 

22 

Pneumonia 

17 


3 

17 

5 

Pneumonia 

3S 


no 

88 

64 

Epilepsy 

30 


20 

2S 

20 

Multiple sclerosis 

40 


SO 

125 

S4 

Bronchogenic carcinoma 

43 


160,165 

215,258 

108,175 

Acute leukemia 

42 



■»** 

31 

Cerebral thrombosis 


•All \alii^s are expressed as Karmen units 

tPreinciibation period as well as the lO minute photometric analysis were performed 
at f- C 
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When tiic original method was chocked against the Karmen procedure 
(performed at 37° C.) mnch larger and poorly reproducible valnes were ob¬ 
tained. This we believe was due to the intense chromogen formed with the 
100 per cent trichloroacetic acid (TCA) (Table III). To compensate for thi.s, 
10 per cent metaphosphoric acid or 10 per cent TCA was used in lieu of the 
100 per cent TCA and a 30-minute preineubation period with aspartic acid 
was instituted. Both of these modifications yielded results approximately 10 
per cent higher than those obtained with the original Karmen procedure, as 
well as a reproducibility factor of approximately 5 per cent. Table IV depicts 
the transaminase activities of sera compared by the Karmen method, the 
Umbreit method, and our modification. 

SUMJIAKY 

A colorimetric procedure for the determination of serum glutamic oxal- 
acetic transaminase, which does not reguia-e either nn ultraviolet spectropho¬ 
tometer or reduced DPN, is described. The procedure is a modification of 
that u'hich has been employed by Tonhazy, White, and Umbreit. The fol¬ 
lowing modifications were found necessary to insure a reproducible correlation 
between the amounts of sodium pyruvo-dinitrophenyihydrazine, and trans¬ 
aminase units as defined by Karmen: 

1. The serum was preincubated with the aspartic acid for 30 miimtes. 

2. Ten per cent metaphosphoric acid or 10 per cent TCA, rather than 100 
per cent trichloroacetic acid was employed to terminate the reaction. 

We wish to thank Drs. Joseph L. Rabinowitz and H. M. Vars for their valuable 
advice, Dr. J. J. Boutwell for performing some of the determinations, and Dr. W. \\h 
Umbreit for sending us a report of his procedure. 
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VAEIATION IN COaiPLEMENT FIXATION ANTIGENICITY OP 
DIFFERENT YEAST PHASE STRAINS OP 
HISTOPLASaiA CAPSULATUIil 

Joseph H, Schubert, Ph.D., and Libero Ajello, Ph.D. 

Atlanta, Ga. 

AYith the Technical Assistance of Jacquelyn Hall, B.S. 

INTRODUCTION 

I N A recent study Schubert and his associates^ demonstrated that strains 
of Histoplasma capsulatuni differed in their ability to produce Histoplasmin 
of satisfactory antigenicity. The objective of the present investigation was to 
determine whether variations in potency oeeiirred in a group of antigens derived 
from strains of ff. capsulatwni in the yeast phase. 

MATERIALS AND RECORDS 

Eleven strains of H. capsulatum -were converted to the yeast phase by means of 
serial subcultures on cotton-plugged tubes of blood-free brain heart infusion agar* incu¬ 
bated at 37° C. Four-day-old yeast phase growths were harvested in sterile physiologic 
saline containing 0.01 per cent Merthiolato. After storage at room temperature for 48 
hours, the suspensions were filtered through gauze, centrifuged, and the cells resuspended 
in Merthiolate-saline solution. The antigens then were adjusted volumotrically to produce 
a 10 per cent stock suspension of cells in barbital-buffered saline. Subsequently each 
yeast phase antigen was tested for anticomplementary activity as well as antigenicity by 
means of a bos titration. The optimum dilution of antigen for each strain was selected 
on the basis of agreement noted in box titrations on several human sera from proved cases 
of histoplasmosis. Tests on rabbit sera were performed with optimum antigen dilutions 
as determined by box titrations with the homologous rabbit antisera. 

The strains of H. capsulatum employed in this study and their sources are cited in 
Table I. All of the strains were recovered from human cases of histoplasmosis except 
for strain Bll, which was isolated from a soil sample collected in a Peruvian cave by 
Lazarus and Ajello.3 

Sera. —(1) Hyperimmune rabbit sera were prepared by injecting rabbits with suspen¬ 
sions of the yeast phase strains prepared in physiologic saline containing 0.3 per cent 
formalin and adjusted to a McFarland No. 3 density. Intravenous injections of 0.5, 1.0, 
2.0, and 3.0 ml. of the yeast phase suspension were made at 4-day intervals. The rabbits 
were bled 7 days after the last injection. 

(2) Human sera were obtained from culturally proved cases of histoplasmosis and 
from persons presumably infected by B. capsulatum as indicated by pulmonary lesions, 
clinical symptoms, and a positive Histoplasmin skin test. Sera were tested in serial dilu¬ 
tions beginning with a dilution of 1:8. 

Complement Fixation Procedure .—The complement fixation procedure used was an 
adaptation of the 50 per cent end point technique, employing barbital-buffered physiologic 
saline throughout (Mayer et al.=). Antigens and serial dilutions of inactivated sera were 

Note: This is not an endorsement by the Public Health Service but ratlier a means of 
identifying a particular product. 

From the Communicable Disease Center, Public Health Service, U. S. Department of 
Health, Education, and Welfare, Atlanta, Ga. 

Received for publication Nov. 28, 195G. 

•Baltimore Biological Laboratories, Baltimore, 5Id. 
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tc<?tcd m 0 25 ml of complcmont cont-wninf; 5 fifl> per cent unit*- Fixation t\ns nllowecl 
to proceed for 15 to IS hours nt 4 to 0* C *lhc tubes then ^%ere plnccl at room tempera 
turo ■while tins sensitired colls (n 2 pir rent suspension of sheep erAthroc 5 te 8 sensitized 
for 10 nunutcs m the proportion of 1 I \xith 4 units of heinoUsm in 0 25 ml ) were pre 
pared The sensitized cells won nddo 1 in 0 5 ml amounts and the tests read after a 
secondary incubation period of 30 minutes in a 37® C water hath The titers were re 
corded ns the highest dilutions of serum which gnxe n 3 plus or 4 plus rcnotioii (30 per 
cent henioljsis or loss) 


Table I SourcE oi lIisTorL.\SMx CvrsuuvTiM CtiTvits Cowlfted ti \evst Phase 


STP u\ I 

Cdc* Number 
2S 
105 
267 
A228 
A232 
A233 
A235 
A811 
A827 
nil 
B12 


SOI rcF 


X r Connnt—1006 DuK« Lmxersitx Me henl sdio I 
X F Connnt—1071, Duke Lnutrsitx Medinl‘^rhool 
Coiiimuincnble Disease Center Collection 
M L Furcolow, Conimnnicible Disensi Center 
L Furcoiow, Coimminualdc Disease Center 
L Fiirpolow, Cominunu aide Di‘>ea«c Center 
31 h Purtolon, Coninnmunlde Dicra«e Center 
C Fmnions—K6C24, Nation il ln«titutis of IKalth 

C C Campbell—G2, Arnix Medicil ‘School 
Communicable Disease Center Collection, Penman «oil isul i 
S D Salvm—0515, National Institutes of Health_ 


•Communicable Dlsea«e Center 


The complement bm<ling power of the antigen was tested with 1 25 25, and 5 fifts 
per cent units of compfemont The antigen was considered to he nnticomploniontars when 
less than 80 per cent heinolj sis was obtninod w ith 2 5 flft^ per cent units 


IirSULTS 

The comparatno antigenicity ot each jeast phase stiain Mas tested fitst 
with the sera from immunized rabbits in Older to dotcimine m bother the 
degree of reaetiMty obtained Mith labbits could be used as a guide foi so 
lecting an antigen foi the testing of luiman sera The icsults obtained Mith 
human and rabbit sera arc presented m Tables II and III The results dem 
onstrated that the 11 different stiains of II capsuWum developed antigens 
Mliich shoMed Mide ranges of actnitj, especially in tests with luiman sera 
(Table III) 


Table II Comclemfst Fimtios Tixcns Odtaisfd Mith Eleien SirAiss or Feist Phase 
II lSTOrLASMA CAPSULATUM AgAINST HOMOLOGOUS AM) HetEEOLOOOUS RAKBIT ANTISCEA 


antigens 

1 BABBIT SFRUM ANTIBODY TITEUS 

STPAIN 1 

DILLTION* 1 

1 28 

i 105 1 a228| a232 \ a23G 1 

2C7 

|a811 1 

Bll 

1 B12 

1 a827 

28 

1 32 


128 

1,021 1,024 

256 

1,024 

4,096 

64 

128 

2,048 

105 

a 8 

256 

3S 

328 256 

64 

256 

512 

32 

64 

256 

A228 

1 32 

1,024 

64 

SXg 1,024 

256 

512 

4,096 

32 

128 

1,024 

A232 

1 32 

512 

32 

256 SIS 

128 

512 

1,024 

16 

128 

1,024 

A233t 

1 32 

512 

32 

256 512 

128 

512 

512 

32 

128 

1 024 

A235 

1 32 

1,024 

64 

512 1,024 

S56 

512 

1,024 

32 

256 

2,018 

267 

1 32 

512 

16 

256 256 

128 

4,00G 

1,024 

16 

64 

2,048 

A811 

1 64 

1 024 

64 

512 1,024 

128 

4,096 

1,0S4 

32 

256 

1,024 

Bll 

1 64 

64 

ot 

128 256 

64 

256 

512 

128 

32 

128 

B12 

1 64 

1,024 

32 

250 512 

128 

1,024 

512 

16 

128 

1,024 

AS27 

1 16 

512 

64 

256 512 

256 

512 

1,024 

32 

256 

4 OOG 


HomoloEoiis antiserum shown by Italics 
‘Determined by box titrations with homologous sera 


t233 scrum Insufflcient 
$L<css than 1 8 
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In an attempt to grade the strains in respect to their antigenic activity, 
the data in Tal)les II and III were rearranged in the order of the median titers 
obtained with the hnman and rabbit sera tested. The results, presented in Table 
IV, show that the first 6 strains listed (28, A811, A228, A235, A827, and 232) 
gave higher median titers than the other 5 antigens and the orders of their list¬ 
ings were the same with both types of sera. Strain 28 gave tlie highest median 
titers and strain A811 gave the next highest titers with both groups of sera. 
The last two strains listed (105 and Bll) were definitel}’- inferior antigenically, 
giving the lowest median titers with both human and rabbit sera. The remain¬ 
ing three strains, 267, A233, and B12 were intermediary in position, giving 
definitely higher median titers than Bll and 105 when tested with human and 
rabbit sera. 

Table III. Coxiplemekt Fixation Titebs Obtaisep on Huxian Sera Ebo.m Cases op 
Histoplasmosis With 11 Yeast-Phase IIistoplasma Capsulatcxi Antigens 


antigens I 

HUMAN SERUM ANTIBODY TITERS 

strain 

j DILUTION* i 



mm 

4 

1 5 j 

6$ 

i 7 1 

8 

i 9 ! 

10 

28 

1:32 

IKiHM 

64 

1,024 

128 

2,048 

256 

4,096 

256 

1,024 

128 

105 

1;8 

8 

o§ 

0 

8 

32 

16 

16 

0 

32 

8 

A228 


512 

32 

512 

64 

1,024 

128 

1,024 

64 

512 

64 

A232 


512 

33 

512 

64 

512 

64 

512 

128 

512 

64 

A233 

1:32 

512 

32 

512 

0 

512 

64 

1,024 

128 

128 

0 

A233 

1:32 

512 

16 

512 

64 

1,024 

128 

1,024 

128 

512 

04 

267 

1:32 

512 

16 

512 

128 

512 

128 

2,048 

128 

512 

128 

A811 

1:64 

512 

32 

1,024 

32 

1,024 

256 

1,024 

256 

512 

32 

Bll 

1:64 


0 

0 

0 

S 

16 

16 

0 

0 

0 

B12 

1:64 

256 

16 

512 

32 

256 

32 

128 

64 

256 

32 

A827 

1:16 

512 

32 

512 

64 

512 

64 

512 

128 

512 

64 


♦Determined by box titrations. 

tSera 1 to 5 from culturally proved cases of histoplasmosis. 
tSera 6 to 10 from presumptive cases of histoplasmosis. 
gTiters less than 1 :8. 

Table IV. Antigenicity op Eleven Strains Arranged in Order of the Median Titers 
Obtained With Ten Human and Ten Babbit Sera 


HUMAN SERA 

RABBIT SERA 

STRAIN 

) MEDIAN TITER 

STRAIN” 

j MEDIAN TITER 

28 

512 

28 

1,024 

A811 

256-512 

A811 

512-3,024 

A228 

256 

A228 

512 

A235 

256 

A235 

512 

A827 

256 

A827 

256-512 

A232 

256 

A232 

256-512 

267 

256 

A233 

256-512 

A233 

128 

B12 

256-512 

B12 

64-128 

267 

250 

105 

8 

105 

128-256 

Bll 

0 

Bll 

128 


DISCUSSION 

As in the study with Histoplasmins, Schubert et al.,' the I’csults of this 
investigation indicate that yeast phase suspensions of various strains of IF. 
capsulatum vary in their antigenic potencies, which illustrates the necessity of 
screening a large number of strains in order to seleet antigens of the highest 
reactivity for use in serologic tests. 
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A compaii'Jon of tlu i 11 nnul \Mlh homologous and heterologous 

antisoia (Table 11) shoutd j) ) Iiudust titois ucic not ncccssanh pioduccd 
uith liomologous antlgcn‘^ 

It IS intcicsting to nolo i il t usuits obtained m the bo\ titrations of rab 
bit soia led to tlic use ot tin - I tiinmn dilutions as had been determined bj 

bo\ titiatioiis \Mth hunnn s su ii m obscnation is contiaij to the e\ 

pcncnco obtained uith llw I m uitiscns in uhich the optimum antigen 
dilutions gcnoiallj are hudu h 1 \) einmnuni/od rabbit seia 

The data point out th tt nits obtained in Miiious laboiatories mil he 

influenced In the paitnulti '.k i iiom uhioli the antigen is piopaiod In a 
pieMous stud\ designcil to < lu] lu tlio antigenicities of a jeast phase and a 
Ilistoplnsmm anticon pupiu ( ii mi a single stiam, Schubert and his assoei 
atos* selected stiam 10) bet nw it hod pio\cd satisfactory as a pioduccr of a 
good Ilisoplasnim antigen foi um m (omplemcnt fixation tests and hecausc 
it could ho con\citctl it idiix into the \east phase The data picscntcd here 
show that stiam 107 piodutes a nhtuch pool %cast phase antigen which may 
account foi the low \east piuv litus loported m the prciioiis studi 

SUM'MAU\ 

The antigt nicitu s of \t‘ist phase suspensions dcincd from stiains of 
//isfoplasnm cap-uihiium woie detciminod tluough titiations of liypoiimnumized 
lahbit sera and of lium m son fiom cultiually pro\cd and presumptive cases 
of histoplasmosis Cousukiablo \auations m reactivities wcic noted and the 
icsiilts obtained wcic sinulai witli liuman oi rabbit sera Hyperimmune rabbit 
scia tlicicfoie ma^ be used ns contiol scia in the determination of the optimum 
^oast phase antigen dilutions To assuic the selection of potent yeast phase 
antigens foi use m complement fixation tests a laige soncs of antigens domed 
fiom (liffcicnt strains of If cnpsiilatuni should be screened 
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SEPAEATION OP BONE SODIUM, POTASSIUJI, AND CALCIUM BY 
THE USE OF CATION EXCHANGE RESIN 

N. Normax, SI.D., J. C. Beck, JI.D., and J. S. L. Browxe, M.D. 
Montreal, Canada 

INTRODUCTION 

D uring the last ten 3 'ears an increasing interest in the determination of 
the concentration of sodium and potassium in bone has arisen, due to the 
recognition of the possiblj"^ imi>ortant role of the bone sj'stem in the sodium 
and potassium metabolism of the bod 3 ^^' Evidence in support of this 
has been presented by many investigators.-- 

The main difficult}’' in such determinations in cortical bone has been 
the extremely high concentration of calcium in relation to the concentrations 
of sodium and potassium. The relationship of calcium .-sodium :potassium is 
approximately 200:4:1 when calcium is expressed as milligrams of the sec¬ 
ondary phosphate and the other two as their chlorides. 

The methods published up to 1955 for the analysis of sodium and potas¬ 
sium in bone can conveniently be divided into the following three groups. 
(1) Yi'et ashing in concentrated nitric acid, or dry ashing followed by solution 
of the ash in hydrochloric acid and repeated precipitations of the calcium in 
the bone sample as carbonate or oxalate. The sodium and potassium content 
is determined in the supernatant by either flame photometry or chemical 
methods (e.g., gravimetric zinc ui-anyl acetate). (2) Primai-y determination 
of the calcium content of the bone sample followed liy flame photometry of a 
second aliquot with a comparable amount of calcium introduced as a blank in 
the standards, (3) Solution of the bone with immediate flame photometry of 
the mixture, disregarding the calcium content. Some investigators have found 
these methods satisfactoryOthers have found them unsatisfactory,® 
the main problems have been interference by the calcium in the flame 
photometry of the sodium, and large coprecipitation of sodium when calcium 
is precipitated before sodium determination is done. 

In our hands the above methods were unsuitable when applied to artificial 
mixtures with known content of secondary calcium phosphate, sodium chlo¬ 
ride, and potassium chloride in the proportions found in cortical bone. With 
the precipitation technique the recovery was onlj- 85 per cent and too variable, 
method two was found to be an elaborate procedure, and method three gave 
falsely high values. Separation of sodium from potassium in the bone sample 
was not possible by any of these techniques. We then proceeded to develop 
the method described in this paper. During this time the publications of 
Poi’bes and D’Ambrusio" and Forbes and Lewis® appeared. They separated 

'From the Department of Investigative Medicine, JMcGill University and The University 
Clinic, Royal Victoria Hospital. Montreal. Canada, 
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cations in bone with quantilalm utwciy of sodium by column chromatog- 
lapliy, using a cation cxcliang. i.sin (Douck 50 x 12, 50 to 100 mesh). The 
bone .sample.s weie dissohcd m t \ IIC'I after pieliminaiy diying and ashing 
in a mufilc furnace. 

Our nietluHl lias ninni li itmts in coimnon with the method of Poibcs, 
and for certain purposes it h.is .eh int.iges The column used is smaller, and 
smaller bone .samiilcs c.in In i siMiniied luth the same degree of accuiac 3 - 
oiling to smaller inlumes ot dn.it It giies quantitative leeoveiy of potas¬ 
sium in a .scpniate fi.iction as m II .is oi sodium. Pieliminaiy dij-ing and ash¬ 
ing of the bone is not meissaii .ind this sales time and loss of mateiial which 
is of impoitancc iihcn shoit-lnid isotopes of sodium and potassium aio em¬ 
ployed (NV can be used instc.id ot Na") ' 

MlTmilLS AND METHODS 

The cntion cvchniific resin, J*ouex 5*h —iOO nie«li size, 32 per cent cross linked,* i*! mde 
up m a column in a I’i rox lubo of 12 nim internal dmmetci nnd 20 cm length The 
loner end of the gla'>i tube is melted to a conical shape nith a nnrro^r opening In this> 



1 —Diagram of column nncl container as described in text 

cone some glass fragments form the base for a lajer of rex glass wool, acting as sup 
port for the resin. On top of the resin there is a la>er of looselj packed glass wool -a Inch 
assures an even and gradual flow into the resin. The eluting fluid which is to pass through 
tho column is held in a 500 ml container with an opening in the bottom suitable for the 
attachment of tlnn poljcthjleno tubing The free end of this tubing is attached to a thin 
Pyrex tube which is placed through an airtight rubber stopper on top of the column 
tube All parts are supported by suitable clamps to a 4 foot stand (Fig. 1)- 

An air space between the rubber stopper and the fluid above the resin permits the 
rate of flow to bo controlled with sufficient accuracy counting the drops that pass per 
unit time Regulation of the rate of flow is casilj undertaken by moving the 500 ml 
container up or down, thereby a\aiding tho uso of complicated equipment for this pur¬ 
pose 1 The reservoir is largo enough to secure a constant rate of flow during the separa¬ 
tion period. Cessation of flow is obtained by a clamp on the polyethylene tubing 

•From Dow Chemical of Canada, Ltd, Montreal Quebec 
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The resiti is immersed in distiJIed water, poured into tlie glass tube and allowed to 
settle to the requited height. The height of the column will vary with different batches of 
resin, making it necessary to determine the elution curve of each batch (variation in 
height of column is from 10 to 15 cm.). The two elution curves sliown (Figs. 2 and 3) 
ate from two different batches. The resin is tiecd from unwanted cations by washing with 
300 ml. of 3 K hydrochloric acid at a speed of 2 ml. per minute. Excess hydrogen ions 
are then removed by 200 mi. of distilled water. The column is then ready for use. A 
piece of bone of approximately 0.2 grains wet weight is the most satisfactory amount for 
a column of the size described. It should be freed from spongy bone, periosteum, and 
marrow. After weighing it is dissoh'ed in I ml. of concentrated nitric acid by heating 
in a Pyrox test tube. When clear fluid is obtained tlio volume is made up to 10 ml. with 
distilled water and poured into tiie container, and an additional 10 ml. of water is used 
for washing of the test tube and added to the container. The 20 ml. of solution should 
fill the polyethj'lene tubing from tlie rubber stopper and up, before flow is started. It i.s 
also advisable to maintain a constant volume of distilled water on top of the rosin prior 
to beginning each separation thereby avoiding changes in elution curves associated with 
variation in amount of fluid above the column. Kormal hydrochloric acid is used as the 
eluting agent, with a rate of flow of 0.8 ml. per minute. Tlio whole separation takes 
from 3% to d hours. The sodium and potassium content of the eiuato is determined in a 
Baird flame photometer. 



Flij, 2 “Elution cuivc for collection of soflium and pota.s.sium in same fraction (see text). 

KESOtiTS 

Ill Figs. 2 and 3 are shown two elution curves from bone biopsies. The 
first is useful when the removal of calcium is the only objective; the second 
shows the possibility of separating sodium and potassium in the same step 
as the removal of calcium. The volumes of elnate as it comes from the lower 
end of ihe column is plotted along the abscissa. The concentration of sodium 
and potassium in 10 c.c. samples are given in the ordinate. The potassium con¬ 
centration is plotted in 10 times the scale of the sodium concentration, owing to 
the low concentration of the former. This gives a false impression of a sig¬ 
nificant overlap with potassium in tlie sodium fraction in Fig. 3. The actual 
content of potassium in the sodium fraction is only 0.00016 meq. The shaded 
area following the potassium peak is the spot where the first traces of calcium 



\ol«mc50 SEPAR'.TIOX OF BONE SODIUM, POTASSIUM, A^D CALCIUM 

NvmberS 


311 


oeciii «is detected quaUtatneh ^\lth solutions of ammonium caibonate and o\a 
late Tlic intei'spaces between the fiactions aic sufficienth laige to make the 
scpaiation a uoikablc pioecdme The iLpioducibiht\ of the pattern is, hou 
c\ci, dependent on a high dogiee ol standaidi/ation with the least possible laiia 
tion m the diffeient steps in the picpaiation and ^\olk!ng of the columns 
Kathci than uashing the calcium out of the icsin uitli laige amounts of acid 
foi lonewcd use, we lia\c chosen to use ficsli losin foi each scpaiation 

Dining the actual use of the columns the ehiate is not collected in 10 ml 
samples but the sodium and potassium fiactions aic taken out in single lol 
nines In tlie elution cunc in Ihg 2, sodium and potassium is collected fiom 
30 to 140 ml In Pig 3 the collection of sodium is fiom 30 to 90 ml, potassium 
from 100 to ICO ml 


NA K 



{•ig 3—Elution cune for collection of sodium and potassium in <:e]>arate fractions (ace tevt) 


The ieco\cij nte in G consccutnc expenments fiom aitificial mixtuios of 
sccondau calcium pliosphatc, sodium chloiide, and potassium chloiidc, with 
known amounts of cations simulating a 02 giam bone sample, was as follows 


(«) Sodium and potassium m one sample 

Deviation 

Content tn sample Rccovety fiom tine content 

Sodium 0 05 meq 0 04913 ± 0 00055 mcq Less than 3 poi cent 

Potassium OOIG meq 0 01511 + 0 00017 meq Less than 6 pei cent 


(b) Sodium and potassium in scpaiate samples 

Deviation 

Content in sample Rccoicmj fiom tine content 

Sodium 0 05 meq 0 050533 ± 0 00018 meq Less than 2 pei cent 

Potassium 0 01 meq 0 00938 ± 0 000074 meq Less than 7 pei cent 

Attention should be paid to the extiemclj small standaid deiiations The 
lecoieij of potassium is between 93 and 95 pci cent, of sodium between 98 
and 102 pei cent 

DISCUSSION 


In this laboiatoiy moie than 300 examinations of bone biopsies lia\e been 
pcrfoiined with the dcsciibed technique To date, none of the results indicates 
faulty separation oi othei technical difficulties In most of the woik ladio 
actnc sodium and potassium haie been employed Undei these circumstances 
contamination with sodium in the potassium fiaction would easily be detected 
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One of the eaiiy difSenlties Avitli the resin was its impermeability to water 
when made np in a column. This was caused by a variation in size of the resin 
particles. A more homogeneous size of the particles is obtained if the resin 
is immersed in distilled water and allowed to settle by standing. The ligliter 
and smaller particles will then pareipitate last and can be poured off. Bepeti- 
tion of this procedure a few times will secure an easilj' permeable resin column. 
A slight contamination Avith potassium may be encountered even in analyt¬ 
ically pure hydrochloric acid. The amounts present are usually too small to 
give any significant error in the potassium determinations, but a periodic 
check of the acid is justified. 


SUM5t.VRY 

A technically simple method is described for the separation of bone so¬ 
dium, potassium, and calcium by the use of a cation exchange resin in a col¬ 
umn. The recovery of sodium is betAvecn 98 and 102 per cent, of potassium 
betAveen 93 and 95 per cent. 
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THE CIIEAJn’DOSPORES OE CANDIDA ALBICANS COMPARISON 
or TITREE 'MEDIA TOR THEIR INDUCITON 
.1 DlNMSPoLt\CK \SD Riiobv I\ BfMU'M, PlI D t 
New yoKK, N Y 

C VXDIDA albtcax^, the most common etiologic agent of moniliasis can he 
identified leadih if cultures piodiice siihmciged mvcelium healing 
spherical clusters of blastospoies and chaiacteristic chlamydosporcs Pro 
duction of chlamj dospores is faioicd bt a reduced o\jgcn tension Inmting 
nutrients, and a temperatuie of 18° to 25° C Tliet haic the follomiig 
niorphologj (1) gcncially spheiieal, e\ceptionalh oial licrimoid pyiifoim 
or cylindrical, (2) enlarged in conipaiison nith hjphae and blastospoies, 
laiiging in diamctei fiom C to 17 /i, mosth S to 9 /i, (3) mil thich hjaline, 
“double contoured", (4) boine tciniinallj, but maj be lateial oi intcicalan , 
when inteicalary, usually cylindrical, (3) sometimes sessile, but usinlly 
pcduiituhited and borne on a distinctly e subteiminnl cell, the “ohlamjdo 
spoio”, (6) single oi in shoit clnnis oi eliisfcis (7) cytoplasm uifh one oi 
more coarse, leliiiigent dioplets 

Since a limited supplj of nutiients is essential for chhmjdospore pio 
duetion, these stiiietuies will not geneiaily be foimed on the peptone 
oaibolijdiate media, such as Saboniaiid’s glucose agar, employed for the iso 
iation of C albicans from clinical speciiiiens 

Poi induction of chlamj dospores Einlnm lecommended, in 1931, a com 
meal infusion agai, a medium prepaicd by c\ti acting 4 per cent com meal 
in water at C0° C foi one lioiii followed by filtiation riconstitution to oiigi 
nal y olume, and the addition of 1 5 pel cent agai 

This com meal infusion agar became yyidelj adopted bj manj laboia 
tones The difficulties inyohed in piepaiing reproducible lots of this non 
sjiithetic medium, hoyityer, soon became cyident fiom the fact that chlamj do 
spores yyere fiequentlj not produced by strains otherwise fulfilling the cii 
term foi C albicans Since dcteimination of these other criteiia lequiies tests 
of the fermentation pattern and sometimes also of animal pathogenicity, 
identification of C albicans in the absence of chlamj dospores becomes nnneces 
saiilj prolonged Seaeial iny estigators, therefore, have tried to standardize or 
simplify the prepaiation of com meal infusion agar, or to decise other media 
to induce chlamjdospoie pioductioii in C albicans^ * ss me 

Of the yaiious neyy media proposed, tyvo seemed to haye certain advan 
tages oy er corn meal infusion agai one the purified polysaccharide medium 
of Niekeison and Jlankoiyski,’" because of its “knoivn composition” and the 
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fact that it is available commercially"; the second, unpurified soluble-starch 
agar* because it is simpler to pi'cpare and is more transparent than corn meal 
infusion agar, permitting easier examination of the submerged mycelium. 

A comparison of these 3 media for ehlamydospore-indueing ability -was, 
therefore, conducted Avith freshly isolated yeasts and is being reported in this 
paper. The procedure for identifjdng 179 isolates included not only deter¬ 
minations of morphology on the above 3 media, but also a study of their fer¬ 
mentation pattern bj’’ methods to be described below. 

SIATERIALS AXD JfETHODS 

The 3 media compared in this experiment were prepared as follows: 

1. Chlamydospore Agar (Difeo). Eeln'dration of the powdered mixture with dis¬ 
tilled water. 

2. Soluble-starch agar. Addition of 1 per cent soluble .starch* (Fehling-negative) 
to 2 per cent agar in distilled water. 

3. Corn meal infusion agar. Prepared after Benhams from unenriched yellow corn 
me.al obtained at a local bakery, and modified to increase the agar concentration to 2 per 
cent. 

The 3 media were poured while still molten in 15 to 20 ml. amounts into standard, 10 
cm. Petri dishes and allowed to solidify. 

To provide conditions of slightly reduced oxygen tension, the plates were inoculated 
by cutting running streaks into the agar with the hammered bent tip of a stiff inoculating 
needle, t.aking care not to cut all the w'ay to the bottom of the dish. This permitted .spon¬ 
taneous resealing of the lips of the cut, thus preventing direct access of oxygen to the 
submerged inoculum. iVhcii the lips of the cut did not reseal spontaneously, they were 
pressed together with the needle. 

Inoculum Avas taken from 4S-hour cultures on Sabournud's glucose agar incubated 
at room temperature (25° to 28° C.). 

Pour panallel stre.aks, 2 for each of 2 i.solato.«, Avero accommodated per plate, those 
of each isolate at a distance of approximately 1 cm. from each other, and in turn 3 cm. 
from those of the other isolate. Each isolate was inoculated into each of the 3 media 
being compared. The inoculated plates wore incubated at uncontrolled room temperature 
(25° to 28° C.) in an inverted position, and examined, still inverted, directly under the low 
power of the microscope after 1, 2, 4, and 7 days postinoculation. AVhen chlamydospore.s 
were not seen, mounts were prepared to permit a systematic search of small areas with 
the higher magnifications required for morphologic detail. Blocks of media, approximately 
7 mm.3 containing the running inoculated cut, were placed upon slides with a drop of 
lactophenol mounting fluid, a cover slip applied, and the preparation heated gently. AVith 
practice the agar could be melted without boiling, the fungous elements so preserved in 
their original positions. 

Concurrently, the carbohydr<ate fermentation pattern was determined using a basal 
broth prepared according to Martin and his associates.!! To this basal broth, before use, 
0.5 ml. of a Seitz filtered 20 per cent aqueous solution of the carbohydrate to be tested 
was added. In this work, C.P. glucose, maltose, sucrose, and lactose wore used. Inoculum 
was taken from iS-hour-old cultures on corn meal infusion agar plates. Inoculated carbo¬ 
hydrate broths, in Durham fermentation tubes, were incubated without sealing at room 
temperature and ex.amined at the end of 2, 4, 7, and 14 days postinooulation for production 
of acid and gas. 

KES0LTS 

This procedure enabled us to identify 113 or 63 per cent of 179 freshly 
isolated yeasts as Candida albicans. Tlte remaining yeasts were identified as 

•Chlamydospore Agar. Di£co Laboratories. 



yoi«mt !0 CHLAMVDOSPORES OP CANDIDA albicans Si!", 

Number 2 eeite 

(1) C parapsilosis, 44 isolates oi 24 5 pel cent, (2) C tropxcahs, 5 isolates oi 
2 8 per cent, (3) C guilhermotuhx, 3 isolates oi 1 G pei cent, and (4) non 
filamentous, asporogenous j easts, 14 isolates oi 8 pci cent 

0£ tlie 113 isolates o£ C nllncmis, 109 Mcie identified bj tlicii production 
of clilamj dosporcs in at least 1 of the 3 media The pcicentage of positiio 
identification aftei 24 hours i\ as 29 3 per cent on Chlanij dospore Agar, 49 3 per 
cent on unpurified soluble starch agai, and 55 0 pei cent on coin meal infusion 
agar, after 48 lioui-s increasing to GST, 68 0, and 85 3 pel cent icspcctivelj 
(Pig 1) The ineidenec of chlainjdospoics incteascd at 4 dajs to 871 pei 
cent on Clilamjdospoic Agai, TOG pei cent on unpurified soluble starch agai, 
and 94 4 per cent on coin meal infusion agai, final ubsenation at the seventh 
day jneldcd pLicciitagcs of 90 9, 72 G, and 98 2 pei cent lespectiveh 



b O r CO JTABCMAtA* 


Fig 1—The production of chlamydospores by J09 Isolates of Candida nibteans on 3 media 


In 8 isolates diagnosis lested on the appearance of chlamydospoies on one 
medium only one producing them only on Chlamydospoie Agar, 7 only on 
corn meal infusion agai Three isolates failing to pioduce chlamydospores on 
Chlamydospore Agar did so on both com meal infusion agar and unpurified 
soluble starch agar, 1 isolate failing on coin meal infusion agai was positive 
on both Chlamydospore Agai and unpmified soluble starch agai Twenty 
two isolates failing in the same mannei on unpuiified soluble staich agai 
pioduced chlamydospores on both Clilamydospore Agar and coin meal in 
fusion agar 

Four isolates, not included m these tabulations, had failed to pioduce 
chlamydospoies on any medium during the 7 day observation peiiod When 
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retransferred to fresh corn meal infusion agar, 2 isolates produced chlamydo- 
spores within 24 hours. The remaining aehlamydosporous isolates were identi¬ 
fied as C, albicans on the basis of their microscopic morphology, carbohydrate 
fermentations, rabbit pathogenicity according to Benham,® and carbon as¬ 
similations modified after Wiekerham.^" 

Fermentation reactions are defined here as the production of acid or acid 
and gas in the previously mentioned carbohydrate broths. Visibly detectable 
acid and gas were produced by 95.6 per cent of the 113 isolates on both glucose 
and maltose within 7 days, and bj’- 99.1 per cent Avithin 14 days. Acid was 
produced by 61.0 per cent from sucrose ndthin 14 days; no strain, hoAvever, 
produced visibly detectable gas on sucrose Avithin the same period. Further, 
on lactose, there Avas no visible production of acid and gas by any isolate. 

DISCUSSION 

For induction of chlamydospores in C. albicans, corn meal infusion agai‘, 
prepared and inoculated as described above, Avas superior to Chlamydospore 
Agar and unpui’ified soluble-starch agar. Not only did coim meal infusion 
agar induce chlamydospores in a higher percentage of isolates, but it did so in 
a shorter period of time. 

The same medium also proved useful for the rapid morphologic identifica¬ 
tion of 0. parapsilosis, C. tropicalis, and C. guilliermondii. 

Ei'cn though Chlamydospore Agar is of “knoAvn chemical composition” and 
is available commercially, and soluble-stai'ch agar is a simpler medium to pre¬ 
pare and more transparent than corn meal infusion agar, it is clear that corn 
meal agar continues to be the medium of choice for diagnosis of Candida 
albicans. 

Since the preparation of corn meal infusion agar inquires the use of a 
complex natural product and a prolonged period of extraction, investigators 
continue to try to simplify the preparation of this medium. A rapid method 
of extraction by boiling corn meal for 5 minutes has been used by Baker- 
spigel.- A similar rapid metliod of extraction has been tried by Wheeler and 
Little.^' Comparison of the ehlainydospore-inducing ability of these rapidly 
extracted corn meals Avith the .slOAver method recommended by Benham,^ and 
also in this paper, should be conducted before the quick-extract media can be 
safely used. 

A more rational approach would be to continue attempts to identify 
Avhat in the corn meal infusion is responsible for the induction of ehlamydo- 
spores; this is being attempted in our laboratory. 

Other species of the genus Candida are also knoAvn to produce chlamydo¬ 
spores. These are C. iropicalis and C. stellatoidea. The chlamydospores of C. 
tropicalis are, hoAvever, rarely produced, scant and atypical in morphology, and 
their appearance in isolates Avitli the mieroscopie morphology and other diag¬ 
nostic characteristics of C. tropicalis^ is a inasonable safeguard against the pos¬ 
sible misdiagnosis of this species. The chlamydospores of the so-called 0. stella- 
ioidea, on the other hand, are indistinguishable from those of C. albicans. The 
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■\al!dit\ of C stellaioidca ns a species, houc\cr, has been sciionsh qxics 
tinned,and this oiganism is now eonsideicd mcich an a\ indent xarnnt of 
C albicans 

SUMAl \R\ 

The nioipliologx and conditions known to fa\oi tlie induction of the 
ehlaiindospoics of Candida albicans aic desciibed 

Three media are compared foi then chlanndospoio itidueinfr ability with 
109 ficshh isolated stiains of C albicans Coin meal infusion agar was found 
supeiioi to Chhnndospore Agai (Difco) and an iinpurified soluble staich 
agai (expeiimental), both as to number of isolates induced to produce 
chlamj dospoies and as to the lapidita of the induction 
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A STABLE IRON REAGENT FOR DETERMINATION OP 

CHOLESTEROL 

Harold L. Rosenthal, Ph.D., Mary Lou Pfluke, B.S., and 
Salvatore Buscaglia, B.S. 

Rochester, N. Y. 

INTRODUCTION 

T he iron reagent introduced by Zlatkis and co-workers' and MacIntyre 
and Ralston" is a sensitive and reliable reagent for the estimation of 
cholesterol in biologic fluids. Although Zlatkis et al.' states that the reagent 
is stable for weeks, Zak and his associates® indicate that the reagent has lim¬ 
ited stability. We have found that the stock ferric chloride solution, in glacial 
acetic acid, develops a precipitate of ferric oxide unless the solution is kept 
frozen. We have also found that the color reagent, prepared by mixing stock 
iron solution with sulfuric acid, develops a precipitate within a few days. 
It occurred to us that the iron reagents could be stabilized by dissolving the 
ferric chloride in phosphoric acid instead of acetic acid. The iron stock solu¬ 
tion, in phosphoric acid, was found to I’emain stable indefinitely at room tem¬ 
perature. A color reagent containing phosphoric acid was developed which 
remained clear for 6 to 8 weeks and our findings form the basis for this re¬ 
port. 

iAIATERIALS AND METHODS 

The absorption spectrum of the pui'ple cliolesterol-iron complex ob¬ 
tained Avith a Beckman D U spectrophotometer, shoAvs a sharp absorbing max- 
iim at 560 mfi..' The purple color of the cholesterol-iron complex folloAA's 
..er’s laAV to an absorbanee of 1.0 Avith the Sheard Sanford photometer. Other 
photometers are equally suitable. 

Seagenis .— 

Iron stock solution: Dissolve 2.5 Gm. FeCls'6H,0 in 100 ml. of phosphoric acid 
(Sr per cent). 

Color reagent: Dilute 8.0 ml. of iron stock solution to 100 ml. ulth concentrated sul¬ 
furic acid (98 per cent). 

Eifect of Acid Concentration on Color Prodtiction. —The formation of 
color depends on the heat of reaction produced Avhen sulfuric and acetic acids 
are mixed. The proportion of acids necessary for maximum color formation 
Avas determined bj^ varying the ratio of sulfuric and acetic acids. The final 
volume, iron content, and cholesterol concentrations Avere maintained at 
optimum conditions as described under procedure. The optimum ratio of 
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sulfuric to acetic acid ranged from 0.70 to 0.80 (Fig. 1). An acid ratio of 0.75 
was selected, therefore, for the reaction. This ratio i.s at variance with the 
ratio of 0.65 used by other investigators.'"’ 

Effect of Iron Concentration on Color Eroduction .—The concentration of 
ferric iron necessarj- for maximum color production was determined with 
color reagents containing either acetic or phosphoric acids. The concentra¬ 
tions of acetic or phosphoric acids were .selected .so that the optimal acid 
ratios for color formation were obtained. The various color reagents were 
added to cholesterol dissolved in 5 ml. of acetic acid as given in the procedure. 



Fie. l.—The ratio of s*«Uurlc add to acetic acid versa** absorbance of color formed. All rcae- 
tlon*i ^%'cro perfonnetJ In a final volume of 9 ml. 



IRON CONCENTRATION (Fe). mg/tube 

FIe. 2—The concentration of iron versus absorbance of color formed, in the presence of %ary* 
ing amounts of acetic acid and pho.sp>jorlc acid. 

The formation of color increases rapidly as the concentration of iron in¬ 
creases (Fig. 2). With the color reagent containing acetic acid, verj' little ad¬ 
ditional color is formed at high concentrations of iron. The substitution of 
phosphoric acid for acetic acid in the color reagent decrca.ses the availability 
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in. Table 11. A comparison study of the new iron reagent and the Lieherman- 
Burchard reaction on serum samples prepared by the procedure of Sperry 
and Webb/ also show satisfactory agreement (Table III). 

SUMMARY 

A new, stable iron reagent that yields results comparable to other proce¬ 
dures and eliminates the need for prepai'ing color reagents at more than in¬ 
frequent intervals is described. 
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NEW, RAPID, AND PRACTICAD JIICROMETHODS FOR 
PROTHROMBIN DETERMINATION 

I Thf Watch Gli"^ Method 

A W UuN, MD , AND S GoDEun, Ph D 
PinuDELniiA, Pa 

T he introduction o£ the one stage piothrombin time test bj Quick initi 
ated the remarkable adianecs in the study of blood coagulation and its 
abnormalities o\er the last 15 jears The test is iiidelj used today as the 
best test for the eontiol of anticoagulant therapj and is as Mell an important 
tool in coagulation research studies 

While possessing many merits, the test does have certain disad\ antages 
The proper performance of the test usually requires that the patient be in 
the hospital, base accessible reins for puncture, and that the test itself be 
earned out under relatirely standard conditions in the hospital laboratorj 
It would be adiantagcoiis foi the phrsician to hare this rerj useful test 
mailable at the bedside, in the operating room, or in his prirato office 
Further, the aroidance of repeated renipiineturc and the practical possibility 
of an immediate result Mould make the test eien of greater mine both elm 
ically and e\perimcntallr The one stage test ns pei formed today does not 
include these desirable features Conscqiicntlv, mc hare modified the Quick 
prothrombin time test to produce, in effect, tu o micro tests for obtaining 
accurate and immediate results utilizing one or trio drops of blood obtained 
by simple finger stick oi pick up from oozing or injured surfaces 

It is the purpose of this papei to desenbe one of the trio tests and to 
report the results obtained ruth it on orer 100 patients receiring anticoagii 
lant therapj, as rrell as to compaie the results rrith simultaneously obtained 
Quick one stage rallies Anothci miciomcthod, the so called “Hematocrit 
method” is lepoited elseriherc in this Journal 

riATERIALS 

\\ lute blood cell pipettes of the u'sual t^pe were emplo\ etl 

Watch glasses, glass diameter = 65 cm were used These were acid washed and 
not siliconized 

Thromboplastin, prepared as prcMOUslj desenbed i 
Stop ivatch, an ordinarj hand stop watch was employed 
Lancets were used for finger stick 


AtETHODS 

Performance of the Test —(Fig 1 ) Thromboplastin is drawm to the “1” mark of 
a white blood cell counting pipette and placed in a watch glass An equal amount of blood 

Prom the Sidney Hillman Medical Center Philadelphia and the Hahnemann Medical 
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is drawn with a second pipette from a freely flowing finger stick and blown into the 
thromboplastin, and immediately a stop watch is started. Mixing of the two may be en¬ 
hanced by gently blowing through the pipette for a few seconds. After a pause of ten 
seconds, the watch glass is tilted every .second and observed over a white paper or a 
flashlight until fibrin strands or gel formation sets in. This is a clear-cut end point. The 
room temperature is noted. 




fig. 1. Fig. 2. 

Fig. 1.—The essential steps In the performance of the Watch Glass te.st are illustrated. 
After simple finger sticK with a Hemotet, tlic first few drops of blood are wiped away and 
Wood is drawn to the 1 mark of the while blood cell pipette. This is quickly mixed with 
an equal amount of thromboplastin already contained in the watch glass. At the time 
of mixture, a stop watch Is started. The end point is clear-cut. The room temperature is 
noted. 

Pig, 2.—^Dilution curves. Watch Glass method. Shown is the dilution curve used to 
convert clotting times to "per cent prothrombin," This is a function of the room tempera¬ 
ture, the thromboplastin preparation, and the blood sample. Values may be interpolated for 
room temperatures in between those shown in the figure. 

Conversion of Clotiing Time to “Per Cent Prothrombin .”—A standard dilution curve 
similar to that of Quick was plotted by determining the clotting times of whole bloods of 
varying “per cent prothrombin” which were artificially prepared. This latter was simply 
accomplished in two steps: first, obtaining various “per cent prothrombin plasmas’’ by 
mixing aluminum-absorbed plasma (so-called prothrombin free plasma) and normal plasma 
in various proportions. Then, by mixing such pla.smas with their well-washed cellular 
components in the proportion indicated by their hematocrit values, varying per cent pro¬ 
thrombin whole bloods were prepared. The standard dilution curves obtained at two ex¬ 
tremes of room temperature arc shown in Fig. 2. 

RESULTS 

In Fig. 3 is seen a comparison of results obtained on blood from over 100 
patients, both normal and receiving anticoagulant therapy, with the Quick 
test and the Watch Glass test. The values are distributed around the theo¬ 
retical regression line, y — ax + b where a = 1.00 and b ~ 0. The least squares 
regression formula for the observed values is Y == 1.019 X -f 0.16. P value in a 
test of significance for linear regression of observed versus theoretical is 
greater than 0.9. The standard dc\dation of the Quick one-stage method in 
our laboratory was found to be 0.3 second at the 100 per cent prothrombin 
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level This is cqimalent to G pei cent “piotliioiiibiii ” The stanclaid deiia 
tion o£ the Watch Glass method in oiu laboratoi.\ nas 0 9 second This is 
cqiui alciit to 4 5 per cent "pi othrombm ” 

DISCUSSION 

The data obtained eompaiing the Watch Glass method Mith the Quick 
method foi “prothiombin” dcteiiiiinatioii on 108 patients aie in good agiee 
nient with the thcoietical laliics The laiiations aic quite compaiable and 
the relative ciiois are also compaiable Thus tlie data arc judged acceptable 
on a statistical basis riom a piactical new point, the test has pioied quite 
helpful when anticoagulant theiapy was needed on a patient wliosi \eins wcie 
not palpable Morcosei, its usefulness in pcdiatiic cases oi wlieie lepeatcd 
sampling is needed seems ci ident 



Fig 3 —Correlation of protlirombln dcterrolnation't The ‘tcatterRram represents the 
results obtained with 108 patients both norma! and receKIng anticoagulant therapy 
Prothrombin ^alues b^ the Quick metliod and the Watch method are Plotted The 

line of perfect correlation Is Indicated The values obtained b> both methods are statistically 
comparable 


Finally, assuming suitable controls aic emplojcd and a stable thiombo 
plastic picpaiation is a^allable, the method is adaptable to a bedside pro 
cedure, an office proceduie, a pediatnc piocedmc, or a pioceduic Qh patients 
without accessible -Neins 

SUMM \R1 

A new miciomethod for prothrombin determinations is desciibed Re 
suits on over 100 patients Mith the Quick test and the Watch Glass method 
are presented The usefulness of the test is discussed 

Me wiMi to tlnnk Joyce BHck for teclmical nsMstanre 
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NEW, RAPID, AND PRACTICAL MiCROiMETHODS FOR 
PROTHROMBIN DETERMINATION 

II. The Hesiatocrit SIethod 

S. Gollub, Ph.D., J. Black, B.A., and A. W. Ulin, M.D. 
Philadelphia, Pa. 

T he need for microniethods of prothrombin estimation has been variously 
met in the past. Quick,' in 1939, reported a very simple bedside technique 
employing a drop of capillary blood and a drop of thromboplastin on a slide; 
he mixed and then watched for a suitable end point. (In this paper he 
criticized Smith and his associates for their proposed formula.) In 1940, 
Kato^ employed capillary blood, o.xalated it upon drawing, and thus required 
in the test the addition of calcium. His method correlated well with the Quick 
method; however, the procedure is long, very exacting, and requires consid¬ 
erable equipment for a “rapid” bedside technique. In 1941, Innes and David¬ 
son^ collected capillary blood in white blood cell counting pipettes, oxalated 
the blood in a Avatch glass, and then mixed it with snake venom. In 1942, 
Ulin and Barrows'* described a new method employing a Avire loop coagu- 
lomotor and capillary blood. Lufkin and Strolber,® using calibrated pipettes, 
delivered blood and thromboplastin in proportion of 1 ;4 into a Avatch glass. 
These last three methods all expressed results using the formula of Smith and 
associates. HoAvever, none of these methods has been Avidely accepted. 

In the course of Avork, our laboratory AVas requested to contrive some 
manner of folloAving anticoagulant therapy ou a patient Avith no accessible 
surface veins. Further, the Watch Glass method® had not yet been ade¬ 
quately investigated and standardized. Such a method Avas devised, utilizing 
no principles other than those of the Quick one-stage procedure, save that 
' only a feAv drops of Avhole blood from a finger stick served as the sample. It 
is the purpose of this paper to describe the method, the results obtained there- 
Avith, and its use as a special, though not difficult, laboratoi-y test. 

materials 

Wintrobe hematocrit tube 
Pasteur pipettes with long stem 
Alumina-adsorbed plasma* 

Thromboplastin (prepared as previously described^) 

Stop watch 
Lancets 

Test tubes, water bath* 

Silicone, D.C. 200* was used as a 2 per cent suspension in CCl, 

Glassware so treated was dried in hot-air oven at 190° C. for 1 to 2 hours. 

Prom t)ie Sidney Hillman Medical Center. Pliiladeiphia, and tlie Hahnemann Medical 
College and Hospital of Philadelphia. 
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mi:t«ods 

Vcrformancc of the Test, —(Fig. 1.) Tho e^sculiul iinnciplo in this mothoil i‘< that 
the tost sauiplo of whole blooil from a fingor stick is rccoivoil into a sihconizod WuUrobo 
hematocrit tube which contains a known amount of "iloprothrombinizod" (nluminn- 
adaorbod) plasma which is slightly ovoroxalatcd. After contrifugntiou, tho additional 
tost plasma volume may bo simply calculated by reading tho incronso in total \olumo and 
subtracting tho red coll volume at tho bottom of tho tube. Thorcforc, if tho tost sample 
contained 100 per cent “prothrombin/’ tho plasma mixtures should give a “per cent iiro 
thrombin” value in a one stage tost ofjual to the per cent test jilnsnui. Values of per 
cent prothrombin in tho test plasma may bo calculated by the formula; 

Per Cent Prothrombin Values of Mixture* “Per Cent Prothrombin 

Per Cent Test Plasma in Mixture! ^ 7'ost Plasma” 

It will bo immediately recognized that this is tho procedure for making prothrombin 
clotting time calibration curves and thus emplojs no new principles m the one stage test 
(Fig. 2.) A typical detailed procedure follows; 4 5 ml. normal human blood was collected 
in a tost tube containing 0.5 ml. of ft.l M oxalate. Tho plasma obtained b> centrifugation 
was “doprothrombinizcd” by alumina gel adsorption. Its clotting time after adsorption 



Vie 1 fik 2 


FIb 1—Tills figure Illustrates the essential steps In Uie peifounance of the Hematocrit 
method for "prothrombin’’ estimation After simple llngei stick with a llemolet, the first few 
drops of blood are wiped away, ami blood Is drawn into a slUconlzcd Pasteur pipette A 
con\onlont amount Is then added to a "NVlntrobo hematocrit tube contalnlnc a Known amount 
of slightly ovoroxalated, "prothrombln-froo" plasma and mixed well ^Vftcr centrifugation 
the total volume and red cell volume nro noted The supernate plasma Is tlien subjeotnl 
to a regular Quick (prothrombin time) test. Calculation of per cent prothrombin In the 
patient’s blood sample fs described In the text 

I'lg 2—One-stage cur\c Shown Is the dilution cur\c used to conxert the clotting 
times of the plasma mixture to ’ per cent prothrombin ’* Calculation of the per cent 
prothrombin In the patient's blood sample Is described in the text 

wus more than four muiutos. ’ IJxactlj 0.50 ml. of tho alumina adsorbed plasma was placed 
m a clean siliconized Wintrobo hematocrit tube with a long stemmed Pasteur pipette after 
0.02 ml. of 0.1 M oxalate was added. Tho volume was then precisely rend and noted to 
he 0.52, A few drops of blood from a clean finger stick were taken up in a siliconized 
long stommed Pasteur pipette, placed in the Wintrobe tube, and carefully and intimately 
mixed with tho alumina plasma sample. After centrifugation, tho total volume wms read 
and noted to bo 0.75 ml. Tho rod cell volume was road and noted to bo 0.10 ml. Tho ad¬ 
ditional tost plasma W'as thou calculated to bo 0.13 ml. and present in tho plasma mixture 

•Obtained by converting clotting times of mlxtuie to per cent prothrombin 
tObtalnecl by noting volumes In the hematocrit tube 
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as 23 per cent (0.13 + 0.2/0.65). The clotting times obtained -were 36.8 and 37.5 seconds. 
When the plasma mixture was analyzed by the conventional one-stage method, this was 
read to be equal to 15.5 per cent. Thus, the per cent prothrombin in tlie test plasma was 

■IKK 

calculated to be: —2:2_x 100 = 67 per cent. 

23 


RESULTS 

In Fig. 3 i.s seen a comparison of results obtained on blood from over 100 
patients, both normal and receiving anticoagulant therapy with the Quick tost 
and the Hematocrit test. 




10 ZO 30 40 50 60 TO 80 90 100 


MICRO PER CENT PROTHROMBIN 


Fig:. 3 —Correlation of prothrombin determinations. Shown 
results obtained with 108 patients, both normal and receiving 
thrombin values by the Quick method and the Hematocrit meth 
perfect correlation Is indicated. The values obtained by both 
comparable. 


' ire the 

Pro- 
line of 

methods are statistically 


The values are distributed around the thcoi'ctical regression line, y = ax 
+ h where a = 1.00 and b = 0.00. The least squares regression formula for the 
observed values is T = 0.9646 X -f 0.37. P value in a test of significance for 
linear regression of observed versus theoretical is greater than 0.9. Standard 
deviation = 8 per cent. The standard deviation of the Quick one-stage 
method in our laboratoiy was found to he 6 per cent. The standard deviation 
of the Hematocrit method in our laboratory was thus comparable. 


DISCUSSION 

The data obtained comparing the Hematocrit method with the Quick 
method for “prothrombin” determination on 108 patients are in good agree¬ 
ment with the theoretical values. The variations are quite comparable and 
the relative errors are also comparable. Thus, statistically, the data are 
judged acceptable. 
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A should be said in intcipictation of these icsults eompaied to the 
iiitcipietation of the icgulai Quick one stage lesults It is uidclj accepted 
that the one stage test is an integiated incasme of the noiithiomboplastic com 
ponents of the coagulation mechanism IIoue\ei, a noimal clotting time in 
this micio one stage test indicates a gioss adequaej of only those com¬ 
ponents ^\hlch ^\e^c lemoicd bj the alumina adsoiption piothiombin and 
pio SPCA (scrum piothiombin coiucision accelciatoi) Thus, this paiticu 
lai modification of the one stage test, emplojing as it does an alumina plasma 
menstruum, maj be said to differ fiom the legular one stage test in that it 
piOMdes a measuic of piothiombin and pio SPCA onij 

SUilMARl 

This tost IS piactical and has pioxcd helpful in eeitain clinioal cases Like 
the Watch Glass test, its \aluc in patients “uithoiit \eiiis,” in podntiics oi 
icpcated samplings seems oIimous rurthci, its use in evpeiimcntal pio 
cedures, foi example, in small animal cvpeiimentation, uould also seem ad 
^ antageous 
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A METHOD FOR ESTIMATING THE BACTERIAL POPULATION OF 

THE OROPHARYNX 

Stanley M Kaplan, M D , Barbara Larkin, M.A., and Ruth Hotz 

Cincinnati, Ohio 

I T IS difficult to quantify the bacterial flora of the oropharynx. This difficulty 
was encountered by us in a study which involved the daily variation of the 
bacterial population of the throat The methods commonly used provide only 
a rough quantitation of the oropharjmgcal bacteria.^’® Since the accuracy of the 
procedures in use have not been established, ceilain technical refinements seem 
essential in order to insure a more reliable analysis of the bacterial population 
of the throat 

The actual number and type of bacteria in the pharjmx and their precise in 
vi%o relationships to each other probably cannot be determined. For example, 
one cannot estimate the actual number of streptococci present in the oropharynx 
since the total quantity of pharyngeal secretions from which the counted aliquot 
is obtained cannot be detemined In addition, the growth of the various species 
of bacteria in vitro depends upon the medium used, the period of incubation, 
the O 2 and CO 2 tensions, and other environmental conditions 

The present investigation was limited to an evaluation of the aerobic strep¬ 
tococci and Staphylococws albus in relation to other bacteria present in the 
oropharjTix and as this is reflected on the specific cultural environment we used. 
A statistical analysis was then applied to determine the limits of accuracy of the 
technical procedures. 

jiaterials and methods 

A platinum inoculating loop was sterilized, cooled, and then rubbed across the surface 
of the oropharjnx uitli c.are to aioid the uvul.a and tongue The loop nas then agitated in 
1 ml of sterile phjsiologic saline The saline was immediatel} poured onto the surface of 
a 5 per cent sheep blood agar plate Trjpticase soy agar was the basal medium The plate was 
rotated to distribute the solution eienlj o\er the surface and then incubated for 48 hours at 
37° C 

Colony counts uere made in the follouing manner- a section of the plate was arbi 
trarily selected and 200 or more of all types of colonies were counted and grossly identified 
Counting was done uitli the aid of a hand lens. Yerification of the species uas accomplished 
bj Gram stain and subculture to appropriate media when necessarj. The percentage of each 
species was then calculated 

Two methods were used to test the reliability of the procedure First, the wire loop 
was immersed in the same 2 ml of saline after each of two swabbings of the patient’s 
oropliarjnx. The sample was diiided into two parts and each ml. sample was then plated. 

From the Department of Ps>chiatry of the Uniiersity of Cincinnati College of Medicine 
and the Psjchosomatic Service of the Cincinnati General Hospital. Cincinnati. Ohio 

Tins investigation was supported in part by a Special Research Fellowship from the 
National Institute of Mental Health Public Health Service 
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Tho tno plates were treated as described above Twentj healthj persons (hospital person 
nel) were tested m groups of 3 and 4 at a time The plates were coded b} a person other 
than the technician who did tho counting in order to conceal the identity of the pairs 

In the second experiment, two consccutno cultures were taken from each person The 
initial swabbing was introduced in 1 ml of saline The loop was sterilized over a flame, 
allowed to cool and the second swabbing was earned out m a similar manner and introduced 
into another ml of saline Each sample was cultured as described above Approximatelj 
2 to 3 minutes elapsed between taking the two independent, con«ccutne samples These plates 
Avero also coded hineleen of the subjects use<l in tho previous experiment were tested in 
this manner 

RESULTS 

Alpha and gamma streptococci and Staphylococcus albus percentages vvere 
obtained The results of the experiments arc shown in Table I 

Single Sample Dindcd —When the single samples ^^c^e duided into two 
parts, the ninetj fi^e per cent confidence statements, as detci mined bj an 
analysis of vaii'ince tcehnique, weio found to be \ - 3 2 < ^ < \ -f 3 2 foi 
gamma streptococci and \ -38<|<x + 38for alpha streptococci, where \ 
IS observed per cent count and | is the “true” per cent, and where the dis 
tnbution for per cent counts is assumed to be approximately of Gaussian form 
When the alpha and gamma aic added to obtain a total streptococcal count 
and then anahzed m a similar manner the ninctj five per cent confidence state 
ment isx-39<|<x + 39 These values arc in terms of pci cent of the 
species of bacteria of the total of over 200 colonies of all species counted on the 
plate Tho Staphylococcus albus counts arc also shown in Table I, hovrever, 
the large number of samples with no giowth of this organism precludes the 
assumption of Gaussian distribution 

Tivo Consecutiie Samples —The nmetj five per cent confidence statements 
in the experiment where tv\o independent samplings of the oropharynx were 
obtained at a 2 to 3 minute interval of time were x-29 < $ < x + 29 for 
gamma stieptococci and x-52 < $ < x + 52foi alpha streptococci Foi 
total streptococci the confidence statement wasx-35 < | < x + 35 Foi 
the reason mentioned in the previous paragraph, no confidence limits were 
determined for Staphylococcus albus counts Thej aie, howevei, listed in 
Table I 

Beta hemoljtic streptococci were not isolated in anj of the cultures, possi 
blv because the cultures were obtained during the summer months Othei 
bactena isolated included Neisseria (chieflj N catarrliahs), diphtheroids, 
Staphylococcus aureus, Hemophilus parainfluemae, and Diplococcus pneumoniae 

OISCUSSION 

The first experiment, which involved dividing a single sample into two parts 
and culturing and counting each separately, provndes limits of the reliabihtj of 
the procedure after the sample has been taken from the oropharynx These 
limits are roughly 3 plus per cent on either side of the true count for alpha and 
gamma and total streptococci The second experiment v\hich involved consecu 
tive samples, taken at about 2 minute intervals, gives a further index of the 
added error in the swabbing procedure This, however, would assume that no 
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cliange occurred in tlie flora during the intenemng 2 minutes There "uas no 
difference in the limits of eiror for the diMded single sample and the two con 
secutne samples for gamma streptococci However, there was some increase in 
error in consecutive sampbng for alpha streptococci Total streptococci re 
mained the same in both cases and cssentiallj a\eraged out the gamma and alpha 
counts In an\ e^cnt, it is apparent that estimates of these bacteria in the 
orophar^iiN can be made vith some precision There Mas not a significant 
regression of the magnitude of disciepancj between the two samples on the 
size of the count This suggests that the estimated variance applies appro\i 
match to large oi small percentage counts alike All counts were done b\ the 
same technician howe\er, and do not preclude an> consistent errors of identifica 
tion she could haie made 

V^e were interested in the variation of the counts when two swabs were 
taken independentlv but w ithin a short span of time as w as done in the second 
experiment The results indicate that the flora do not \arj greatlj fiom 
moment to moment and that the two separate swabbmgs pick, up essentialh the 
same distribution of these bactena Some further observations can be made of 
changes that occui in the percentage counts oier longer periods of time This 
can be done b^ companng the % allies obtained on eacli subject for both e\peri 
ments The same subjects were used for both experiments and the time that 
elapsed between the expenments \aricd The internal was approximatelj 3 
weeks for the first 4 subjects, 2^/^ months for the fifth and sixth, 2 weeks for 
Subjects 7 to 11, and 2 months for Subjects 12 and 13 Both experiments were 
done on the same da% and within the same hour for Subjects 14 to 18 but there 
was a lapse of 2 weeks for Subject 19 The changes were minimal when both 
tests were done wathm the same hour (Subjects 14 to 18) Examples of both 
increase and decrease in percentage of these bactena were found when the time 
internal extended from 2 weeks to 2^ months 

It is difficult to interpret the results of the Staphylococcus alhm counts 
They show some degree of lepioducibilitj but the persistently low peicentage 
range magnifies the differences between two samples It would appear that an^ 
attempt to follow daih laiiations would be inaccurate unless the counts langed 
into higher values 

Ordmanlj, cotton swabs have been used to obtain samples from the oro 
pharynx The swabs are then streaked directly onto the surface of the medium 
"We found that this technique causes oiei^rowth and crowding of the colonies 
In addition, the possibility of trapping the organisms in the cotton fibers exists 
Some investigators ha^e introduced the swab into broth and mixed by repeated 
pipetting of the broth ^ ® "SVe found that an ample number of organisms could 
be picked up on a platinum inoculating loop and although we could not be 
certain, we felt that there was a better possibility for transport of organisms 
into the solution Practicalh all of the subjects felt that this procedure was 
less uncomfortable than sampling with a cotton swab Flooding the resulting 
diluent across the surface of the medium pioiided good distribution of colon\ 
growth It reduced crowding and pronded good conditions for identification 
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and counting. One milliliter of diluent and 48-hour incubation provided optimal 
conditions for counting the bacterial colonies that Avere of particular interest 
to us. Sheep blood agar Avas supei'ior to human blood agar for differentiation 
of hemolytic and nonhemolytic streptococci. 


SUMMARY 

Some refinements of the technique of estimating the streptococcal and 
staphylococcal population of the oropharynx are described. Statistical analysis 
of the data derived bj' the use of these refinements indicates that the oropharyn¬ 
geal flora can be estimated in more precise terms than heretofore described. 

We wish to acknowledge with gratitude the assistance of Malcom Turner, Biostatistics 
Department, Kettering Laboratory, and Dr. Dorothy Fleming, Department of Microbiology 
of the University of Cincinnati College of Medicine. 
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The hyperthyroid group consisted of 50 patients with unequivocal clinical hyper- 
thyroidism. Forty-four had diffuse and 6 had nodular goiters. Only 3 were female.s. 
The age range was 20 to 66 years. 

In addition to the clinical findings, the basal metabolic rate and the serum chemical 
protein-bound iodine concentration wore utilized to support the clinical impression in 
both groups. None of the subjects were receiving medications known to affect thyroid 
function, and none had cardiac or renal diseases, or disorders which indirectly might 
influence the test results. 


iUeasurcmciUs.—All the tests to be described were performed simultaneously on each 
patient in the fasting state following an oral dose of 150 microcuries of Dsi. Thyroid 
uptake measurements were made 1, 2, 3, and 24 hours after the tracer dose, using a tech¬ 
nique described, premously.7 Thyroid clearances of Ii3i v-cre calculated for the time periods 
%-l, 1-2, and 2-3 hours after administration of the tracer dose. Thyroid clearance wa.s 
calculated as the ratio of the amount of radioactivity taken up by the gland in a given 
time interval to the average plasma concentration of radioactivity during that interval. 
The actual formulation used was 


TO = 


U, ~ U, 1 

(p, *■ p,)/2 ^ i-rx 


where U, and U. are the percentage thyroid uptake at times t, and t.-; (P. + P.)/2 is the 
average plasma Dsi concentration in percentage of the dose per milliliter during time 
interval t. - t,. This arithmetic average of plasma, concentrations is used as an approx- 

1 

imation to the true average, --— J Pdt, derived from the exponential curve of plasma 

L - t, 

concentration. The true average is slightly overestim.nted by the arithmetic moan, giving 
clearances that arc correspondingly underestimated. Since with time this discrepancy 
decreases progressively, the early cloatanccs tend to be underestimated slightly more than 
those that follow. TO is thyroid clearance expre.ssed ns millilitors of pln.sma cleared of 
per minute. For the calculation of the %-l hour clearance the plasma concentration 
at one hour was taken as an approximation to the average concentration during the in¬ 
terval %-l hour, t, - t, being taken as 30 instead of 60. The methods used for counting 
plasma Iisi hare been described previously.^ 

Male of Viyroid npinhc was calculated from curves based upon five observed points, 

1, 2, 3, and 24 hours after a tracer dose. Only five points were used in plotting the curve 
to simplify the procedure as it might be used in elinical work. The mean rates of uptake 
in the present study were very similar to those reported by Luellen, Keating, and co-workers^ 
in euthyroid and hyperthyroid subjects, using more points to determine the curve of thy¬ 
roid uptake. 

The rate at which the maximum uptake was approached was calculated from the 
equation, U, = Um (1 - e"'“) where U, is the percentage thyroid uptake at any time t, 
Um is the maximum percentage uptake, taken to be the 24-hour value in this study, and 
k is the rate constant.^ Though we recognize that the 24-hour uptake is often not the 
maximum value in hyperthyroid patients, it usually docs not deviate greatly from the 
true maximum. In euthyroid patients the 24-hour uptake is almost invariably higher than 
any earlier value. 

The rate, k, was determined by solving the above equation in its logarithmic form 
rearranged for convenient calculation, log (U„ - U,) = log U„ - kt. This simply repre¬ 
sents a plot on semilogarithmic paper of the differences between uptakes during the first 
3 hours and the maximum uptake. If one arbitrarily plots in similar fashion the dif¬ 
ferences between uptakes during the first 3 hours and the dose given, one also gets a 
straight line whose slope reflects the rate at which the uptake by the gland during tliis 
time interval approaches the do.«o administered. This we have called the rate to dose. 
Though an arbitrary calculation, it has the merit ef a single reference point (the dose 
given) for both hyperthyroid and euthyroid patients, and as a consequence the measure 
takes into account differences in final uptake achieved by the two types of patients as well 
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ns tlie (lilTeronces in rate of uptake 1>\ the glanj. As •will bo scon, it has particular %aluc 
for (liscrimirtating betucen cuthjroid and lijportlijroid patients, even though it has no 
general moaning in terms of the whole cur\e of uptake bj the gland These two rates 
wore calculated for each patient, being expressed as the percentage of the maximum or 
dose taken up per hour during the time inter\al studied. 
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Fig 1 —Sernltoffarithmlc plots used In calculating rates of uptake of radiolodlne in 6 
euthyroid and 6 hyperthyroid patients Solid lines used In calculating rates to dose broken 
lines rates to maximum Number recorded at the end of each line is the slope of the line 
■which Is the rate constant in per cent of the dose per hour 


In plotting (Um - U,) on semiloganthmic paper it wa*! obser\ed that except in some 
severely h^pcrtliyroid patients two components were evident The first, a rapid com¬ 
ponent, occurred during the first hour and reflected the increasing blood concentration 
resulting from absorption of the oral dose during this interval The second slower com 
ponent reflected the decreasing blood concentration which -was apparent after the first 
hour. Representative examples of the semiloganthmic plots of (Um - Ut) against time 
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are given in Fig. 1 for 6 euthyroid and 6 hj-pertllyroid patients. The two components 
were evident whetlier tlie rate to the maximum (broken lines) or the rate to the dose 
(solid lines) was plotted. Among the hyperthyroid patients, whose rates of uptake were 
faster, the change in slope on going from the first to the second component tended to be 
less than among euthyroids. An occasional severely hypertliyroid patient had an uptake 
curve adequately represented by a single exponential and did not show two components on 
the semilogarithmie plot. In such a case the first (fast) and second (slow) components 
were equal as in the rate to maximum curve of Patient tVEa, and the rate to dose curve 
of Patient IVCl. Very rarely a hyperthyroid patient showed a slower first than second 
component as in the rate to maximum curve of Patient IVCl. 



Pig. 2.—Semilogarithmie plots used in calculating rates of uptake of radioiodine for the 
data summarized in Fig. 4 of the paper of Luellen, Keating, and co-workers.’ Eemalnder 
of legend as in Pig. 1. 

These two components of the rate curves are apparent in the data of Luellen, 
Keating, and associatess as shown in Pig. 2 reconstructed from their average curves 
(assuming, for purposes of plotting, an average 24-hour uptake of 72 per cent for the 
hj'perthyroids and 25 per cent for the euthyroids). A single exponential adequately rep¬ 
resents the slow component of the curve among their euthyroid patients during the time 
interval from 1 to S hours whether one plots the rate to maximum or rate to dose. A 
.similar observation is evident for the rate to maximum curve of the hyperthyroid patients 
hut not for the rate to dose curve, which requires a third exponential to account for the 
segment beyond three hours, as indicated by the dotted line. 

Analysis .—Frequency and cumulative frequency distributions were plotted for each 
variable and each group of patients. In plotting the frequency graphs, the normal range 
of each test was subdivided into five class intervals. Thus, in terms of class intervals 
the distance along the abscissa of each graph is identical from test to test for the 
euthyroid subjects, and the spread of hyperthyroid values may be compared, kleans and 
standard deviations are recorded for each distribution. 
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Intr*rcorrclations among llie iQca*‘uros were cnlculatcd for the 50 hjperthjroid patients 
and for 50 euthyroid subjects seicctcd at random from the larger group. 

RESULTS AND INTERPRETATION'S 

Thyroid Vpiahe .—^^Vlthoiigh there w-as ciTcctivc separation of the euthy¬ 
roid and hj^perthyroid groups at all time intervals studied (Fig. 3), the best 
separation of the two groups occurred at 3 hours. Uptakes within the first 



U. 9 I? 25 33 tl 41 57 05 73 51 39 97 tj 19 If 25 33 91 99 57 65 T3 81 89 97 



Thi^roid Uptake,% Thyroid Upfoke , % 


Fig 3—Frequency distributions of thyroid uptake of radiolodme at \arlous time 5nter\als 
by group Solid line represents euthyroid or normal (N) subjects Broken line represents 
hyperthyroid (Xfr) patients 

3 hours aftci an oral tracer dose were superior to the 24-hoiir uptakes, as evi- 
(lonced by wider separation of the means foe the two groups, slightly loss over¬ 
lapping, and less compression of the range of values of the hyperthyroid 
group. The mean uptakes at 3 hours were 10 i 3 per cent and 58 ± IG per 
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cent for the euthyroid and hyperthyroid groups, respectively. At 24 hours 
the mean values were 25 ± 8 per cent for the euthyroid group and 72 ± 10 
per cent for the hyperthyroid group. 

At 3 hours, one-half of the euthyroid subjects had uptake vahxes less than 
10 per cent and 96 per cent had values under 20 per cent. One-half of the 
hyperthjT’oid group had values exceeding 57 per cent, and 96 per cent ex¬ 
ceeding 32 per cent. At 24 hours, 90 per cent of the euthyroid group had up¬ 
take values under 35 per cent and only one patient had a value above 50 per 
cent. Ninety-six per cent of the hyperthyroid group had uptake values above 
56 per cent, and only one patient had a value below 50 per cent. 

Based upon our sample of 109 euthyroid subjects, we would set the upper 
limits of normal for thyroid uptake at 1, 2, and 3 hours after a fasting oral 
dose as 15, 20, and 25 per cent, respectively. 

Thyroid Clearance .—^Among the h 3 T)erthyroid patients, the thj-roid 
clearance decreased rapidty in the first 3 hours, as a rule, as indicated by the 
mean values in Fig. 4. This was also time for the euthyroid group, hut less 
apparent because of the smaller clearances. The percentage decrease in clear¬ 
ance was similar for the two groups. Between the intervals, Yo-l hour and 
1-2 hours, there was a decrease in clearance of 45 per cent for the euthyroid 
group and of 34 per cent for the hyperthyi-oid group. Between the 1-2 hour 
and 2-3 hour intervals, the decreases in clearance for the euthsu-oid and hj’’per- 
thyroid groups were 10 per cent and 14 per cent, respectively. 

Separation of euthjmoid and hypei-thyroid patients was good at all time 
intervals studied (Fig. 4). There was slightly more overlapping at V 2 -I hour 
than at later intervals; however, there ivas little to choose between the 1-2 
hour and 2-3 hour periods. The mean thjwoid clearances at the various 
time intervals are indicated in Fig. 4. 

At 2-3 hours, 50 per cent of the euthyroid 1^“^ clearances were below 8 
ml./min., 90 per cent were less than 19 ml./min., and 96 per cent were less 
than 25 ml./min. Fifty per cent of the hyperthju’oid clearances were 
above 120 ml./min., 90 per cent were above 42 ml./min., and 96 per cent were 
above 30 ml./min. 

Based upon the sample of 109 euthyroid subjects the upper limits of nor¬ 
mal for thjmoid 1^='^ clearance at %-l, 1-2, and 2-3 hours may be set at 40, 30, 
and 25 ml. per minute, respectively. 

Rate of Thyroid TJptahe .—As one might expect, the rate at which the dose 
was taken up was superior to the rate at which the maximum uptake was 
reached, for purposes of discriminating between euthjn-oid and hyperthyroid 
patients. Likewise in each instance, the rate for the slow component was 
more discriminative than the rate for the rapid component. Thus the most 
effective separation of groups was obtained with the slow component of the 
rate at which the dose was accumulated (Fig. 5). In severely hj-^perthyroid 
subjects, however, the distinction between rapid and slow components occa¬ 
sionally’could not be made. The types of rate of uptake curves encountered 
have been illustrated in Fig. 1, 
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correlations among the measures were in general moderately high. The best 
correlation observed among the hyperthyroid patients was between the 3-hour 
thyroid uptake and the slow component of the rate to dose (0.93), 

When both euthyroid and hyperthyroid patients were analyzed together, 
the intercorrelations rose, as would he expected, ranging in value from 0.77 
for the 24-hour uptake and the 2-3 hour clearance to 0.96 for the 3-hour 
uptake and the slow component of the rate to dose. The 3-hour iiptake Avas 
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Pig 5 —^Frequency distributions of rates of thyroid uptake of radioiodine, by component 
and group Remainder of legend as in Fig 4 


more highly correlated with the other txvo measures than Avas the 24-hour up¬ 
take. The 3-hour uptake and the 2-3 hour clearance, rather than values 
at earlier time intei'Amls, Avere selected for these correlation studies, because 
of their slight superiority in separating the euthyroid and hyperthyroid 
groups. The correlation betAveen the 3-hour uptake and the %-l hour thy¬ 
roid clearance in hyperthyroid patients Avas 0.75, slightly higher than the 
value of 0.64 obtained Avhen the 2-3 hour cleai ance Avas used. The correlation 
betAveen the 1 / 2 -! hour and 2-3 hour clearances Avas 0.70. 
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Rato to Dose-Slow Componunt,%/hr. Z-3hr.Thijroid Clearance,ml/min. Z-3 hr Thijroid Cleorance.ral/min. 

Fig G —Scatter diagrams and intercorrelatlons among tests ^\lthm the hyperthyroid range 
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The 3-hour thyroid uptake was clearly as effective as the other measures 
ill separating the euthyroid and hyperthyroid groups as shown in Figs. 3, 4, 
and 5. In view of this and the high inter cor relations of the 3-hour uptake 
with the rate of iiptake and the thyroid clearance, this simplest of meas¬ 
ures is probably adeqiiately representative of the others for practical clinical 
purposes. On the same bases, it is apparent that the 24-hour uptake is some¬ 
what less effective and less representative. 

Table I. Intercorrelations Asioxg Test.s 



1 24 HR. TU 1 

HTU-S 

1 2-3 HR. TC 

3 hr. TU 




Euthyroids 

0.68 

0.76 

0.7-1 

H'N'perthj’Toids 

0.56 

0.93 

0.64 

Both 

0.93 

0.96 

0.84 

2-1 hr. TU 




Euthyroids 


0.61 

0.47 

Hyperthyroids 


0.56 

0.44 

Both 


0.86 

0.77 

ETU-S 




Euthyroids 



0.60 

Hj'perthyroids 



0.64 

Both 



0.84 


Number o£ cases; euthyroWs 50, hyperthyroids 50, both 100. 

TU = Thyroid uptake. 

TC = Thyroid clearance. 

RTU-S = Bate of thyroid uptake of dose, slow component. 

DISCUSSION 

Previous reports have shown that the thyroid uptake will distinguish 
hyperthyroid from euthyroid subjects tvithin the first liour follotving_a tracer 
dose.®’^® Separation was considered as good as that obtained with the 24-hour 
thyroid uptake. Results were similar whether an oral or an intravenous dose 
was given.® 

"We found the uptake at 3 hours to be the best uptake measurement after 
an oral tracer dose, although it had little advantage OA’^er the 1- and 2-hour 
time intervals, and there was good separation of groups as early as % hour 
after the dose. The 24-hour uptake was less effective, judging by the degree 
of separation of the means of the groups, the amount of overlapping, and the 
spread of hyperthyroid values. This is not surprising when one considers the 
shape of the uptake curve in hyperthyroid patients in whom, in contrast to 
euthyroid subjects, the major accumulation of by the thju-oid occurs 
within the first 8 hours. Also, in the more severely hyperthyroid patients 
there is a significant decline in thyroid radioactivity during the second 
12-hour period as a result of the release of labeled hormone. By the same 
token one would expect uptake values up to 8 hours to be as discriminative as 
the 3-hour value 

It has been claimed that thyroid clearance of I^®^ remains constant for 
several hours after the dose is given.®’ “■ Our observations indicated a pro¬ 
gressive decrease in the I’®' clearance during the first 3 hours, as a rule. This 
was more apparent in liyperthyroid patients than in euthyroid subjects whose 
initial clearance values are small. Though the absolute decrease in clearance 
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in euthjioid patients might be ignoicd as small, tlit piopoitionate decicase 
IS similai, on the aieiago, to that in lijTicithjioid patients The lack of eon 
stancj of radioiodino cleaianco is best studied in the hjpeithjioid patient 
iiliosc lalucs aie sufficicntlj laige to leieal stiikiiig absolute changes 

In the stud} by M}ant, Poeliin, and Goldie" obseiiations on 2 li}perthy 
roid patients leiealed a piogiessiic decicase in th}ioid I”‘ eleaiance with 
time, though the authois eoncludcd the eleaiance icmamcd constant Berson 
and associates' ” liaie cmphasii'ed the constaiic} of th}ioid 1'“' eleaiance 
01 er pciiods of seieial houis and haic utilized tins assumption in calculations 
of the rate of th}ioidal iodide binding and the late of lioimone foimation 
Then data consisted of (a) 4 eiithiioid subjects each of ivlioni shoiied a 
slight decicase in eleaiance upon eompaiisoii of the fiist ’/■ houi ivith the last 
2% hours of a 3 houi period,' and (b) 3 h}peith}ioid patients each of ivhom 
showed nonrandom changes (fiist ineicasiiig then decicasing) in th}’ioid 1“' 
eleaiance duiiiig the biief peiiods thej iicic studied '= The sequence of lalues 
cleaily leflocted the diffoienccs in the latc of change of th}ioid uptake as 
compared to the lato of change in plasma coneentiatioii These data seem to 
us inadequate suppoit foi the conclusions diawn b} the authois The} have 
furthermoio implied that the tbjioid 1“’ cleaianco ma} onl} bo constant foi 
101 } shoit peiiods aftei the dose because of the lapid appcaianee of signifi¬ 
cant concentrations of PBI'”' in the plasma, paiticnlail} in lei} aotiie glands 


Table II Pehcentice of Pl,\sma RAUiovcnim That Is Pfoteia Bound at Various Time 
Interials Aftef the Dose in RErrESESTATnai HirEriiiiroin, Euthipoid, 

A\D IIiroTUiBoiD Patients 





PLASMA ( 

PBIISI/TOTAL llSl) X 100 


TII\R01D 

UPTAKE 

PATIENTS ! 

DOSE 

V. HU 
(%) 

1 1 IIP 

1 (%) 

J IIP 
(%) 

1 3 in 

1 (%) 

1 SHP I 
1 (%) \ 

J4 nn 
(%) 

3 HR 
{%) 

24 HR 
(%) 

Hyperthj roid 




08 

1 0 


62 9 

35 6 


BCl 

Oral 

07 

10 


61 0 

EBl 

Oral 


12 

16 

3 1 

99 

86 7 

53 0 

70 6 

ETo 

Oral 


09 

28 

77 

32 5 

76 2 

69 8 

73 5 

VSp 

Oral 


21 

52 

11 4 

37 2 

81 2 

63 7 

71 8 

SBu 

I V 

a 2 

17 

1 3 

1 6 

_ 

25 5 

26 3 

48 2 

Euthyroid 

BRe 

Oral 


16 

15 

13 

23 

3 1 

88 

19 9 

GWo 

Oral 


13 

14 

12 

1 5 

4 3 

12 2 

31 5 

HLo 

Oral 


15 

16 

17 

15 

61 

97 

22 2 

AMi 

Oral 


25 

26 

2 3 

22 

48 

75 

194 

JGu 

I V 

11 

13 

14 

15 

— 

GO 

12 5 

29 3 

Hj’pothyroid 

OJo 

Oral 


03 

03 

03 

06 

2 8 

40 

35 

KWi 

Oral 


01 

02 

03 

03 

11 

44 

3 9 

AWe 

Oral 


08 

10 

1 5 

2 G 

86 

10 0 

15 9 

JKe 

Oral 


03 

02 

04 

04 

1 4 

41 

21 

HSa 

Oral 

_ 

1 9 

10 

1 C 

1 9 

4 6 

4 7 

71 


This piosumably is their explanation for the lapid decicase in eleaiance most 
evident in severely h} perthyi oid patients be}ond the first half hour AYe 
have tested this thesis by raeasiiiing plasma PBI“' concontiations i/o, 1, 2, 3, 
5, and 24 hours after the dose'* and calculating comcision ratios as shown in 
Table II Little diffeience is noted between the euthyroid and h}perth}ioid 
patients within the first two houis Even in seierely hypeithyioid patients 
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(ETo and VSp) the PBI”^ is only a small fraction of the circulating radio¬ 
iodine at 3 hours and so could only have a negligible effect in the computa¬ 
tion of the thyroid clearance. The appearance of significant amounts of 
labeled hormone in the blood is not as rapid as presupposed by these workers, 
and the concentration of labeled hormone is apparently not a significant factor 
in the progressive decrease in thyroid I"* clearance with time during the early 
hours after a dose. 

The decreasing cleai-ance most likely reflects the changing distribution 
of radioiodine. The intravascular-extravaseular distribution of a test sub¬ 
stance influences any clearance method which uses a single dose technique, 
as has been discussed by Smitld® in relation to renal clearances. An essential 
simplifying condition is constancy of the blood level. This does not exist after 
a single injection because of the rapid flow of the substance from the intra¬ 
vascular to the extravascular compartments, equilibrinm not being reached 
for many hours. Though one might ignore slight losses elsewhere, as through 
renal excretion, one cannot ignore the significant fraction flowing into the 
extravascular nonthyroidal space during the early hours when a clearance 
calculation is feasible. For the thyroid P” clearance to be constant under 
these conditions, the rate of change in plasma concentration must be pro¬ 
portional to the rate of change in gland uptake of This is an unlikely 
event under the circumstances and is not borne out by our data. 

The true thyroidal clearance of iodine (!“") is probably fairly constant 
over a given interval of time. However, it is not reflected accurately in clear¬ 
ances of although at some one variable time after the tracer dose the true 
clearance may be approximated. Nevertheless, clearance studies, such as 
have been presented, will distinguish hyperthyroid from euthyroid individuals 
and have practical diagnostic value. 

Little clinical application has been made of the rate of accumulation of 

by the thyroid gland. Luellen, Keating, and co-workers,^ studying small 
groups, observed broad separation of hyperthjmoid and euthyroid patients. 
Their data, like ours, showed a rapid and a slow component in the rate of up¬ 
take after an oral dose. The rapid component is probably related to absorp¬ 
tive factors, reflecting the rapid rise in plasma which reaches a peak ap¬ 
proximately one hour after a fasting oral dose, and only indirectly reflecting 
the thyroid functional state. The slow component represents the diminishing 
increments of thyroid uptake as the plasma concentration decreases gradually. 
It reflects the thyroid functional state directly and was more effective than 
the rapid component in separating the hyperthyroid and euthyroid groups. 
Also, the rate at which the dose was taken up during the first 3 hours was 
more discriminative than the rate at -which the maximum uptake rvas ap¬ 
proached. This is to be expected since the ultimate level of uptake achieved 
is taken into account as well as the actual rate of uptake. 

The rate of thyroid uptake was at least as effective as the thyroid 
clearance in differentiating hyperthyroid from euthyroid patients. However, 
neither of these measurements was any more discriminative than the simpler 
3-hour uptake. All three measures reflect the iodine-accumulating function 
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of the thjioid gland, and then mteicoiielatioiis -neic in fact high 'when the 
measinemcnts ■\\eie made simnltaneoiislj m the same patients In view of 
these obsei\ations the 3 honi nptalvc as the simplest measure becomes the 
clinical proceduie of choice, and httlo additional information is gained by 
adding the othei tw o tests 

SUMMAKl 

Tests weie perfoimed sinmltaneouslj in 109 cnthjioid and 50 hypeithy- 
loid patients Plasma thyioid cleaiaiiees ^^cie obtained Y 2 I, 12, and 2 3 
houis aftei an 01 al dose of I*'* A piogicssne decieasc in cleaiance ^vas 
the iiile Cleaianees at each time intoi\al weie of equal \alue in sepaiating 
hypeithA loid fiom cuthyioid patients The latcs at which the dose was taken 
up and the maximum 1 cached wcie .ilso calculated Two components, the 
first fast, the second slowci, weic c\idcnt in tlie latc cul^cs The slow com¬ 
ponents weie moic disciiminatnc than the fast, and the late to dose was more 
discriminatn e than the rate to maximum Uptakes at Yo, 1, 2, and 3 hours 
each separated the gioups effcctiicly, the 2 and Shorn measiuements being 
best and equivalent in value to the cleaiancc and the dose late The 24 horn 
uptake was less disciimmativc The 3 houi uptake, i.atc to dose, and thyroid 
clearance were highlj inteidopoudcnt Coiiclations among these three meas 
uiements weie fiist and second 0 96, fiist and thud 0 85, and second and 
thud 0 84 The 3 houi uptake v\as lepiescntativc of and as effective as the 
more complicated mcasuies 
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THE PERSISTENCE IN THE BLOOD OP THE RADIOACTIVE LABEL 
OP ALBUMINS, GAMMA GLOBULINS, AND GLOBULINS 
OP INTERIMEDIATE MOBILITY 

V. The Effect of Supplementary Sulfur-Containing Dietary Amino Acids 
Upon the Die-Away Plots of Autosynthesized Albumins 
and Gamma Globulins Labeled AVith S“ 

David Bronsky, M.D., Saaiuel Hyman, AI.D., and 
S. Howard Armstrong, Jr., jM.D. 

Chicago, III. 

introduction 

I NA^ESTIGATION of tlie apparent turnover times of plasma protein fractions 
autosynthesized following oral S^= has failed to develop, either in otir 
studies'^'® or in those of A^olwiler and his associates,"* a method of measuring 
protein degradation rates acceptable for extensive clinical investigation. Auto¬ 
synthesized protein fractions have usually shown longer apparent turnover 
times than have comparable intravenously injected in vitro I“* or in vivo 
S®®'labeled fractions. These discrepancies have often been attributed to re¬ 
utilization (recycling) of the isotope tag folloAving its liberation during 
catabolism of labeled body proteins.®"’ Luck recently has written: “It is com¬ 
mon practice to minimize this source of error by the administration of rela¬ 
tively large quantities of unlabeied cysteine, methionine, or such other amino 
acids, which by entry into the amino acid pool vdll dilute out the labeled 
amino acid released from the protein during metabolism. How effective this 
device is cannot be deteimined.”® 

In this study, ive have (a) investigated the effect of feeding unlabeled 
sulfur containing amino acid supplements upon the die-away plots of auto¬ 
synthesized S®®-labelcd protein fractions; (b) appraised the suggestion of 
Volwiler’s group* that cysteine, since it enters less into the total body organic 
sulfur pool than methionine, will thus be less subject to reutilization; and 
(c) compared the intravenous to the oral route for the administration of 
labeled amino acids. 

MATERIALS AND METHODS 

Choice of Subjects.—X list of subjects, their diagnoses, and their plasma protein 
levels are given in Table I, 
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Ttvo subject^ (J AI and K S ) were young adult men wuth no clxmcal evidence of 
abnormal protein metabolism 

Seven additional subject® vrere cho«en to exemplify a range of hypoalbuminemia 
and reprc'cnt a \anetj of nutritional problem^ In three, the hvpoalbuminemia was se¬ 
vere (T. C, S, and T X). the remainder showed «erum albumin levels ranging up to 
3 3 Gm, per 100 c c 

Table I* 



1 

SEPUM 

PrOTEINS (GM/100 CC) 

[ ATIENT 

nnrso'iis 

TOT VL 

ILBEMINS 

1 GLOBTTLINS 

T > 

Chrome p incroatitis (autoim-) 

40 

0 7 

33 

A1 J 

Surgical pancrcatectomi 

7 1 

2 S 

43 

Au J, 

Chrome calcific pancreatitis 

C > 

34 

3 1 

il L 

Clironic calcific pancreatitis 

62 

2 9 

33 

L D 

Idiopathic adult sprue 

a 5 

24 

3 1 

W S 

' * • ’ (defec 

30 

OS 

2_2 

T C 

1 ■ po« 

3 7 


24 

J M 

Xutntionally normal (cerebral 
pal«v) 

7 S 

39 

3 9 

R 3. 

Xntntionally normal (transver«c 
mvelitis) * 

7 0 

4 0 

39 


•A/G ratio by paper electrophoresis as described m reference 1. 


Tujle n* 



LABEL 

DIAL SI PPLXMENT 

nCCTIE 



POSE 1 


1 TIMING VETER 

C< THIS 

pmrsT 

rouTF 

(ifc) 1 

T\PE 

POSE llABEL ADMINISTRATION 

PAPER 


T X 

Oral 

05 

>}» methionine 

2vone 


1 

A1 J 

Oral 

0 0 

methionine 

Xone 


1 

A.U, J. 

Oral 

0 0 

methionine 

Xone 


1 

AI L 

Oral 

0 0 

S3» methionine 

Xone 


1 

L D 

Oral 

0 5 

methionine 

Xone 


1 

W.S a 

Oral 

00 

^’s methionine 

Xone 


2 

b 

Oral 

05 

metluomn** 

Xone 


2 

c 

IV. 

01 

Ii’i albumin 

Lugol’s solution 


2 

d 

IV 

0 1 

1131 a globulins 

Lugol’s solution 
^5 Gm cy®teine 

Day lOS to 

2 

T C a 

Oral 

05 

S’5 ircycteine < 

[o Gm methionine 

day 124 

3 and 5 

b 

IV 

01 

Ii3i albumin 

Lngol’s solution 


3 

c 

ly. 

01 

Ii3i a globulins 

j 

LugoFs solution 
^5 Gm- cy®teme 

Day 275 to 

3 

J SI a 

Oral 

3 01 

S’s yea®t 

Is Gm. methionine 

day 292 

4 

b 

Oral 

0 5 

S35 cysteine 

Same 

Dav IS to 
dav 42 

4 

c 

IV 

05 

cy®leine 

Same 

Day 0 to 
dav 21 

6 

d 

IV 

05 

S’** c>®teine 

^ame 

fo Gm cvsteine 

Day 0 to 
day 14 

Day 0 to 

8 

R S a 

IV 

0 5 

ci®teine 

1 

Lj Gm metluonine 

daj. 14 

" 

b 

I V 

05 

ci®teine 

^ame 

Same 

9 


•Protein fractions labeled ^Mth I*** for lntra\enous in3«>ction were obtained through 
Dr Donalee Tabem of Abbott Laboratories North ^icago Illinois These fractions were 
not e'peclally lodmated for this metabolic study 

iThe reasons for the high do«age are gixen. for this special Instance, in reference 3 

Administration of Labels and Supplements" Fadioncfiinty Ifeaswrements•—A list of 
the labeling and supplementation experiments, detailing label, route, and timing, is given 
for the<e subject® in Table II, together with a list of corresponding data plots by figure 
number 
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Except wlien noted in legends, oral and intravenous S^s dosage level approximated 
0.5 mo. 

Supplementary sulfur-containing dietary amino acids tvere administered orally a.s 
methionine and cysteine, 5 Gm. each, daily in divided doses for periods of 14 to 21 days. 
This is, in our experience, the maximum dose rvliieh can be tolerated tvithout producing 
loathing or gastrointestinal disturbances. Subjects were maintained on the regular hospi¬ 
tal diet without the controls usual on a metabolic ward. 

Serial sera were withdrawn for periods up to 50 days. In the two instances, wliere 
the studies were carried out 275 and 110 days after labeling, residual radioactivity was 
too low to permit measurement of electrophoretically separated protein fractions, and, 
therefore, unfractionated serum protein samples wore substituted. In all other studies, 
methods of fractionation, extraction, measurement of component concentrations, and 
radioactivity were carried out as previously described,! and die-away plots were made of 
the resultant data in the customary scmilogarithmic fashion against time. 



Fig:, 1.—Albumin and gamma globulin die-away plots in 5 patients with abnormal gas¬ 
trointestinal tracts following methionine S® ingestion (see Tables I and II). 

Apparent turnover times corresponding to slopes of selected segments are indicated next 
to the arrows. 

RESULTS 

Die-Away Plots Following Oral Methionine Without Unlaheled S Amino 
Acid Supplementation. —Customarily, the slope of the first 5 days of a die-away 
plot is considered chiefly representative of equilibration of the intravascular 
labeled plasma protein with the extravascular pool. The slope for the next 
10 days or so is considered chiefly characteristic of the rate of metabolic 
degradation of the labeled protein. 

In our previously published studies, we have reported a very frequent flat¬ 
tening of the slope of the die-away plots which may begin late in this “metabolic 
period’’ and, particularly following oral S^®-labeled yeast, may become quite 
striking between the twentieth and fortieth days. More rarely have we noticed 
such flattening with an intravenously injected in vitro labeled protein. 

In Fig. 1 are presented albumin and gamma globulin die-away plots of the 
first 5 subjects of Tables I and II. Diagnostic classification is less important 



uijtsn IN niooD or ii\mo\crnF LAUFLS ssi 

' ber 3 uu^. 

licic than the foiin ot the die ai\aj plots, paiticulailj lu the fust o dats leprc 
sentatnc of “equilihiatioii” uheii the slope should, m the absence of isotope 
reutilization, bo shaqih dounuaid The tiio top and the bottom subiects haie 
nsiiip specific actniti Icicls foi albumins and gamma globulins duiiiig these 
fiist dais The tiio middle patients in Fig 1 haie specific actiiiti leiels iiliich, 
although shoiMug an initial decline in the iiiisnig and met iliolic pciiods, giie 
some eiidcnee ot a using Icicl before a final falling slope \\ lieieas the top tiio 
patients could not he desciibcd as clinicall} iii the "steadi state, ’ the bottom 
three could so he deseiilicd Thciefoic, these lollci coastei dicaiiaj plots 
cleaili preclude an\ giapliie tianslation ot slopes into appaieiit tuiiioioi times 
The initialh cncouiitcicd using slopes suggest a label rcc\ cling so gicat as to 
obliteiatc completch the douimaid slope oidinaiih cliaiactcristic ot the 
equilibiatioii pciiod IVe thus coneiii iii the suggestion ot ■\''olnilet s gioiip 
that the oial S’ mctliioiuiic label is not adaptable to clinical studies ot plasma 
piotein fraction tuinovci b 3 dieauat plot 



Fip 2—Patient S Comparison of the Uie may plots of albumins and gamma 

globulins following oral S” metliionme and following Intravenous I“‘ labeled prote n fiactions 
The top two lines in the upper an I lower diagrams represent duplicate stulies with the 
'Sotope and show In the first study terminal dropping off rather than a terminal flattening 
?u awaj plot A glance shows the great difference between the P** and S*® slopes in 

this subject Corresponding apparent turnover times are Indicated as In Fig l 

Compansou in tJic Same /lypoalbumtuewuc Subject 0 / <?ic S" iUet^iaoiunc 
Oial Label WtfJi the Intravenous Label of Albumins and Gamma Glohu 
hns —Pig 2 presents three sequential studies of subject AV S (Tables I and II) 
It uill be noted that in both studies following oral labeling with methionine 
performed uithout use of supplementation (a) the albumin dieauay plots 
shoued either unchanging 01 increasing specific actnity foi almost 3 ueeks, 
and (b) the companion die away plots for gamma globulins while not rising or 
flat, show a \ery slow decrease with time In contrast, the slope of the plots 
following intravenous I^^^ labeled proteins showed a steep decline This cor 
responds for albumins to an apparent turnover time 3 or 4 days shorter than 




352 


BKONSKY, HYMAN, ANH AB2ISTR0NG 


J. Lab. & Oin. ATcd 
September, 1957 


is usually observed in normal subjects. The apparent turnover time for gamma 
globulins is also somewhat shorter than in the normal. The findings in this 
subject represent the most accentuated discrepancy between the and S“ 
label that we have encountered and confirms our dissatisfaction with oral methi¬ 
onine as a valid label for clinical investigation. 



Fig. 3.—Patient T. G. Oral i.-cy.steine and I.V. I”‘. Die-away plots on a patient with 
nutritional hypoalbuminemia secondary to prolonged low protein intake. 

The upper two plots are for albumins and gamma globvilins tollowing oral S® n-cysteine. 

The lower two plots are following the intravenous Injection o£ I”'-labeled fractions. 

Apparent turnover times corresponding to the slopes during the "metabolic decay period" 
between day 5 and day 14 are Indicated to the right of the plots. 

Comparison in a Hypoalhumincmic Subject of the Cysteine Oral Label 
With the Intravenous Label for Albumins and Gamma Globidins. —Pig. 3 
illustrates another nutritional hypoalbuminemic patient (T. C.); here is a 
comparison between and apparent turnover times where the oral label 
was L-cysteine and where supplementation was not employed. Here the 
slope, during the metabolic period, jdelds apparent turnover times which are 
significantly shorter than are usually found after the oral raetliionine label, 
but are still eonsidei’ably longer than with comparable findings with the 
intravenous label. 

This result .substantiates the suggestion of Volwiler and his associates that 
cysteine may be preferable as a labeling agent to methionine from a recycling 
standpoint. But while lessening, cysteine clearly does not eliminate the dis- 
crepancj^ between the apparent turnover time obtained by the and 
method in the same subject. 

Comparison of the Effect of Dietary Unlabeled S Amino Acid Supplements 
on the Apparent Turnover Times of Plasma Proteins at Various Intervals 
After Oral and Intravenous Administration of the S^^ Label .— 

Unfractionated serum 2 ^roteins months after oral labeling with S'*® methio¬ 
nine: Supplementary dietary sulfur containing amino acids were fed to one nor¬ 
mal (Pig. 4, top) and one hypoproteinemic (Pig. 5) patient, 275 and 110 days, 
respectively, after the oral label. In each patient, there occurred an immedi¬ 
ate steepening of the slope corresponding to an apparent turnover time of 17 
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days. Compared to the mean of the apparent tmnover time of albumins and 
gamma globulins as measured by intravenoiish' injected I*^’-Iaboled fractions, 
this apparent turnover time was 4 days longer for the normal patient (J. !M.) 
and 7^/j days longer for the hypoi)i‘Otciiicmic patient (T. C ). In the same man¬ 
ner, the mean apparent turnover time after oral L-cysteinc in the hypopro- 
teinemic patient was also 17 days. Thus, while supplementary feedings secured 
a marked inciease in apparent tuino\cr lime, a discrepancy between the and 
intravenous label is still apparent. 



Fig 4—Patient J JI Comparison of effect on die-away plots of oral unlabeled S 
amino acid supplementation started 275 da>s (top section) and IS dajs (bottom section) 
after the oral dose of S" amino acid 

Because of low' specific radloactlxities. fractionation in the first study (UPPer) was 
impractical. Fractions prepared as described elsewhere are plotted for the second (lower) 
study 



Pig 5 —Patient T C. Effect on die-away plot of oral unlabeled S amino acid sup¬ 
plementation started 110 days after oral dose of S** ammo acid in hypoprotelnemlc subject 
Because of low specific radioactivities, fractionation wras impractical 


Upon discontinuation of the supplement, the die-away plot for both pa¬ 
tients took a sliarp upward swing, and then zesumed the preiious slow steady 
decline, so that a .superimposed straight edge connects the first and last portions 
of the plot. 
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Fractionated serum proteins eighteen days after oral labeling ivith 
methionine; In a second study in Patient J. M., the supplement was begun 
18 days after oral labeling. The findings (Pig. 4, bottom) are quite different. 



Fig. 6.—Patient J. Effect of immediate oral supplementation (5 Gm. cysteine, 5 

Gm. methionine per day) on albumin die-away plots following intravenous S” cysteine (same 
metabolically normal subject as in Fig. 4). 



Fig. 7.—Patient R. S. Effect of immediate oral supplementation (5 Gm. cysteine, 5 
Gm. methionine per day) on albumin die-away plots following intravenous cysteine in 
a second metabolically normal subject. 


The initial upward albumins slope and flat gamma globulins slope, prior to the 
administration of the supplement, suggests intensive isotope reutilization during 
this period. IMore important are these findings: (1) the albumins slope turns 
downward before the supplement is started; (2) the slope flattens rather than 
steepens during the supplement administration; and (3) neither the albumins 
nor the gamma globulins slope becomes as steep as the slope for unfraetionated 
plasma proteins (Fig. 4, top) when the supplement is given 275 days after the 
oral label. 
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Follo^^^llg the analogj of Sclioenheiiiiei and his gioup’s classic studies on 
IyTio,« these findings suggest tliat onij after the oral label has become ^\ell dis 
tnbuted thiough the bod} ’s tissue piotcin stoies (uJiose tuino\ei lates aie ^er\ 
slo^\) can IOC}cling be lepresscd In oial uiilabolcd supplements Such distiibu 
tion takes months, not dijs AYhon, aftei but tno weeks oi so, such organs as 
the Iner ha\e specific actnitics about as high as those of simultaneoush ob 
tamed plasma proteins,® oial supplements at the dosage used seem ineffective 
AIbti7nt7is t77Wic(hatchj after viitavcnou^ lahclvig ittth cijstcinc The 
abo^e lesults suggested that failuie to minimize rcc\cling might still be due to 
se\cial possibilities, nameh, (1) the oial supplement was too small (2) it was 
gnen too late aftci the initial oral label, and (3) that the mtla^enol 1 s loute 
(b\ initial pailial luci cucum\cntion) might be piefeiable to the oial route 
for labeling 



Pip 8 —Patient J M Effect of Immediate oral supplcTnentatlon of gamma globulin 
die a%\ay plots follo'v\lng intra\enous S’ osteine (Compare to simultaneous studj of al 
bumlns in the same subject Fig C 

Fig 9 —Patient B S Effect of immediate oral supplementation on gamma globulin 
die away plots following intra\enous S» ejsteme (Compare to simultaneous studi of albu 
inms in the same subject Fig 7 


Figs 6 and 7 present duplicate studies in the two noimal patients foi the 
albumin die aw a} plots when the supplement was giten immediately following 
intra\cnous labeling with S® c}steiuc It will be noted that (1) there is no 
consistcnc} in compaiison of the apparent turnoter times oi the shapes of the 
die aw a} plots, eithei between the two patients or between duplicate studies 
in the same patient, although then clinical status during the stud} remained 
unchanged, (2) the shortest appaient tuino\er time, 23 da}s in Patient J M 
(Fig 6, bottom) was still sw dajs longer than the figure obtained for albn 
mins with the intiavenous label, (3) when sufficient residual ladioactiMt} 
remained to permit extended obseivation, a rise m the slope followed b} a 
giadinl dcciement ocenired when the supplement was discontinued The le 
sultant idler coabtei appearance of the dieawa% plots is illustiated in Figs 6 
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(bottom), 7 (top) and S (bottom); (4) the apparent turnover time charac¬ 
teristic of the terminal portion of the die-away plot in the fourth study of 
Patient J. JI. (Pig. 6, bottom) was somewhat longer than during the second 
week after labeling. The reverse of this relationship is seen in the first study 
on E. S. (Pig. 7, top). 

Gamma globulins immediately after intravenous labeling with cysteine: 
Figs. 8 and 9 illustrate the gamma globulin die-away plots obtained simul¬ 
taneously vdth the above albumin studies. The same remarks pertaining to the 
albumins are applicable here. 


Table III. Appaeekt Turnover Times op Albumins and Globulins in a Normal Patient 
(J. M.) Obtained by Different Labeling Procedup.es 



1 

APPAREKT TURNOVER TIME 



(DAYS) 


1 PERIOD STUDIED | 


GAMMA 

methods of labeling 


ALBUMINS 

GLOBULINS 

S35 oral yeast, no supplement 

7th-40tli day 

64 


S35 oral cysteine, no supplement 

7th-18th daj' 

2S 


S35 oral cysteine, with supplement 

18th-10th day 

64 


13 31 intravenous fractions, Lugol’s supplement 

lst-20tli day 

17 



DISCUSSION 

The dilemma in the interpretation is well illustrated by Table Ilf, in which 
apparent turnover times for the albumins and gamma globulins of a single sub¬ 
ject, as measured liy various labeling and supplement scliedules, are summarized. 

The discouraging implications for a valid method to determine turnover 
times of autosj-nthesized plasma proteins in clinical investigation clearly are not 
limited to the 8’“ level alone; the C“ and the labels, to a greater or lesser 
degree, probably lead to the same methodological morass. 

That the use of unlabeled amino acid supplements has failed, in the ex¬ 
periments described in this paper, to influence this unfavorable picture is per¬ 
haps not surprising from the recent animal work of Loftfield and Harris.^® In 
their important paper, which summarizes and adds new evidence for the \fiew 
that protein synthesis occurs directly from an intracellular free amino acid pool, 
they also bring evidence that in the rat liver, at least, this pool does not enjoy 
immediate equilibration with circulating free plasma amino acids, L-valine 
L-isoleueine and n-leucine were used. Working with the responses of the 
ferritin synthesis system to iron stimulation, they failed to demonstrate any in¬ 
fluence of massive intravenous injection of unlabeled amino acids on the specific 
radioactivity of the newly synthesized ferritin. 

SUAIJIARY AND CONCLUSIONS 

In this study, we have extended our previously reported comparisons, in 
the same subjects, of apparent turnover times of serum albumin and gamma 
globulin, autosynthcsized following oral ingestion, or intravenously in¬ 
jected following in vitro I”' or in vivo labeling to two new situations; (1) 
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the intia\enous injection of the labeling ammo aeul, and (2) the aclmmistra 
tion of large amounts of unlabclcd S ammo acids at ^allous peiiods duiing 
the die a^\ay plot in an cffoit to inmiimzc isotope loiitili/ation oi “^cc^cling ” 
The use of 8®“^ cjsteme, nhethci gi\cn oialh oi lnt^a^enoush, whcthei or 
not accompanied h\ oral supplements of imlahelcd S containing ammo acids 
in dosage as high as 10 Gm per daj, his pioiidcd die a■\^a■v plots foi albu 
mins and gamma globulins nliosc slopes do not ha\c sufficient tonsistcncj oi 
reproducibility to pcimit ^alld metabolic mteipictation m tcims of apparent 
turnover times foi scium albumins oi gamma globulins !C\en uith immediate 
unlabcled supplement, the icsults aic onh shghihj moie satisfacton than foi 
lomng the oral methionine label The disciepancics in appaient tuinoici 
times betueen antosi ntliesized and m \itio oi m m\o label mtiaienouslj in 
jected fractions haie ?iof been eliminated 

'While an apparent cftcct of oial supplementation has been noted on the 
slope of the die aua> plots some months after the oral S®® amino acid label, a 
method based on this tenuous finding -would be haidh of ^aluc foi clinical in 
vestigation As a lule, one wants tuino\ei data in the immediate futuie and 
not after montlis in ■\\hich unpredictable cluneal phenomena can occui 

In oui opinion, those icsults make it \ci> unlikeh tliat oral isotope admin 
istration, except in the most ciudc empirical fashion, is going to pro\o a ^ahd 
tool for the studj of protein turnover m disease states 

We are grateful to Mi«s G Roboj for teclimcal assistance and to Miss J Peters of 
the Neurological Service at Cook Countj Hospital for metabolic nursing assist'ince 
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THE SIGNIFICANCE OP INTERACTIONS BETWEEN PROTEINS AND 
LIPIDS FOR SEROLOGIC CANCER DIAGNOSIS 

SLvrtin B. Hanke, Ph.D., and Herbert Kahn, M.D.* 

Chicago, III. 

I N A previous study’^ the values of 2 protein fraetions were measured on 578 
sera obtained from the Chicago Lying-in Hospital. The serum proteins were 
precipitated onto strips of filter paper and extracted nith 38.5 and 31 (w/v) 
per cent ammonium sulfate solutions. The first fraction, considered to be a 
more soluble albumin, was designated Pract. S; the proteins extracted nuth the 
31 per cent solution approximate the total albumin. It was observed that at the 
same total albumin level the average Pract. S values were significantly lower in 
sera of patients with active malignancies (called cancer sera) than in sera of 
patients ndth nonmalignant diseases (called noncancer sera). See also Table 
VI of this paper. Some of the individual Pract. S values showed overlapping 
between the 2 groups of sera. 

These experiments have now been extended. A study was made of factors 
which affect the magnitude of the Pract. S values, and which cause the differ¬ 
ences between cancer and noncancer sera. Purified albumin solutions prepared 
from both groups of sera do not differ significantly in their Pract. S values. 
Addition to serVim in vitro of globulin or certain steroids causes lowering of the 
Pract. S values, Avhile addition of fatty acids with 6 to 12 carbon atoms has an 
elevating effect (Table I). Most of the lipids extracted from sera have no 
significant effect; however, a lipid fraction extracted from cancer sera, which 
is soluble in ether, acetone, and cold methanol, regularly causes lowering of the 
Pract. S values. 

Previously we had concluded that cancer sera have a characteristic de¬ 
ficiency of the more soluble albumin fraction.”'^ The results of the experiments 
Avhich are summarized in Table I indicate that the differences between cancer 
and noncancer sera are based not on variations in the quantity or nature of the 
serum proteins per se, but on differences in the interactions between proteins 
and certain nonprotein substances, especiallj’ lipids. 

In this study, centrifugation was used for separating dissolved from solid 
protein fractions instead of paper extraction employed in the previous study.’ 

From the Department of Biochemistry. University of Chicago, Chicago, III. 

These investigations ivere aided in part by grants from the Dr. Wallace C. and Clara A. 
Abbott Memorial Fund and the 50th Anniversary Fund of the University of Chicago. 
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The help of Dr. R. J. IVinzIer in reviewing the manuscript is gratefully acknowledged. 
Received for publication Nov. 14, 1956. 

•Present address: Department of Clinical Science. University of Illinois College of 
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The soiuin pioteins iMie piecipitntcil at a coiiceutiation of 42 6 pel cent am¬ 
monium sulfate anil, after eentiifngation, weic o\ti acted successn ely mtli 
tluee moic dilute ammonium sulfate solutions, so as to determine U\o albu 
min* fi actions and globulin 


Tabie I ALTFnsG Effects oi Seieiiil Substisces os Pi act S Values* 


ADDED SUBSTANCCt 

1 NUMBFR Ot 

\ EXPERIMFNTS 

I CONCENTRATION 

1 rrr ml sefum 

WEFAGE EFFECT 
PIP CENTt 

Human serum globulins 

8 

15 

-30 

Cholic acid 

o 

2 

-33 

Glycodesox) cholic acid 

8 

2 

-42 

Dehjdrocliolic acid 

4 

1 

-49 

Progesterone 

o 

1 

— 2 j 

Testosterone 

o 

1 

-30 

Dell) drocpiandrostcronc 

G 

1 

-55 

Diethylstilbestrol 

2 

03 

-24 

Sodium caprylate 

10 

1 

+30 

Sodium laurato 

10 

2 

+104 

Lipids$ from cancer sera 

25 

2 

-IS 

from noncancer sera 

25 

2 

-7 


No altennf? effects were obscr\ed after mldltion of mott Inorganic salts (which do not 
precipitate proteins) sugars amino adds nucleic acids B vitamins calciferol cliolesterol 
llthochollc acKl cortisone estradiol and metio IdioKnthrene 


•Fract S la tlie more reatlil> extractable albumin fraction by tbe paper extraction 
method > 

tSerum was added to a weighed amount of the substance and stirred with a glass rod 
until complete solution or tiomogcnous distribution was achieved 

tThe altering effects were calculated as 

100 ( ^ modifted scrum \ 

^ \ Fract S of unmodified serum ” / 

The magnitude of the effects varied m different sera The averages are given 

SThese lipids were soluble m acetone and cold metlnnol For details see text 

METHODS AND MATERIALS 

Most of the sera used m this senes were obtained from the Department of Surgery of 
the Umversitj of Cliicngo Clinics All diagnoses of nnlignancies were confirmed histologi 
cally The blood was drawn in the postabsorptive stage The sera could be stored m the 
refrigerator for one week Hemolysis and freezing were avoided 

As described previously,' the ammonium sulfato solutions were buffered with 0 07 M 
ammonium phosphate Tlie percentage number indicates grams of (NH^) 3 SO^ in 100 ml 
of solution 

Procedure —All estimations were carried out m duplicate at 5® G The mixtures of sera 
(or protem solutions) and ammonium sulfate solutions were stirred with a glass rod until 
a homogeneous distribution of the precipitates was achieved ‘While standing, the tubes were 
stoppered tightly with rubber stoppers Befoic centrifugation the sediment was redistributed 
by whirling We used a Servall centrifuge at 12,000 rpni for 20 minutes It is advisable 
to include one normal serum in each senes in order to certify the consistency of experimental 
conditions 

A Measure 0 5 ml serum (plasma or protein solution) into a 15 ml plastic tube, add 
4 ml of 48 per cent (NII^)„SO^ solution pH 7 3, mix, let stand for one hour, and centrifuge 
but do not decant Add 1 ml of a 181 per cent (NH^)2S0^ solution pH 7 3, which brings 
the (NH^ljSO^ concentration of the mixture to 38 2 per cent Stir and let stand for 18 to 
20 hours Centrifuge and decant the supernatant into a glass tube Mix 4 ml of the clear 

•Originally we separated the albumm Into 4 different fractions Evaluation of the 
clinical data Indicated that the first albumin fraction has primary significance for cancer 
diagnosis Control experiments on the same sera sliowed that the sum of the 4 albumin 
fractions estimated with the more extensive method agreed with the sum of the 2 albumin 
fractions estimated with the described method within the limits of experimental error 
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supernatant* ivitli 11 ml. of a 31 per cent (NH_,)j.SO^ solution at pH 6.8 in a 20 ml. test 
tube. Heat tlie mixture for 3 minutes in a boiling water bath, and, after cooling, read the 
turbidity in a photoelectric colorimeter with a 420 m/i filter. 

B. Add to precipitate A, 10 ml. of a 31 per cent (NH^)..SO^ solution pH 6.8 and stir. 
Measure 1 ml. of this mixture into a 50 ml. plastic tube, mix with 14 ml. of 31 per cent 
(NHj)„SO^ solution pH 6.8, and stir. Let stand for at least 2 hours. Centrifuge, decant 
the supernatant into a 20 ml. test tube, heat, and read the turbidity as in A. 

C. Add to the precijutate B in the 50 ml. plastic tube 15 ml. of 12 per cent (NH^)2S0^ 
solution pH 6.8, stir, and let stand for at least one hour. Centrifuge, decant the supernatant 
into a 20 ml. test tube, heat, and read the turbidity as above. 

The photoelectric colorimeter was calibrated with purified albumin solutions for extracts 
A and B and with globulin solutions for extracts C. Tlie protein concentrations were calcu¬ 
lated as grams per 100 ml. of serum or original protein solution. The calculated values 
from extract A were designated as Fract. A. The sum of the values of extracts A and B 
approximates the total albumin and was designated as TA. The values from extracts C 
represent the globulins, and were designated as 6L. Any fibrinogen which may have been 
present remained in the precipitate C and was discarded. 

On the average, 100 ml. of normal serum contained 0.49 Gm. of Fract. A or 11 per cent 
of TA. The corresponding Fract. S values were 1.12 6m. or 25 per cent of TA.i 

The effect of serum-lipid fractions on Fract. A values was measured by the following 
procedure. The sera were extracted with a 3 to 1 ethanol-ether mixture. After centrifugation 
the supernatant was evaporated in vacuo and the residue extracted with petroleum ether. The 
residue from the evaporation of the petroleum ether extract was extracted at -3° C. with 
acetone. After centrifugation the supernatant was evaporated in vacuo. An aliquot of the 
residue, corresponding to 2 ml. of the extracted serum, was mixed with 2 ml. of a test serum 
by stirring with a glass rod. After standing overnight in the cold, the mixture was centri¬ 
fuged vigorously so that an almost clear middle layer was obtained, which was used for the 
analysis of Fract. A. Many of the supernatants A showed slight turbidities; they were 
decanted and clarified by an additional centrifugation before they were measured for the 
protein estimation.* 

RESULTS 

The ratios Fract. A/TA increase in sera as TA is decreased by dilution, 
but the Fract. A values show little or no change (Table II) at a dilution of the 
serum of 1:2. Increase of GL concentration decreases the Fract. A values. This 
decrease seems to be proportional to the increase of the ratios GL/TA, and the 

m A I pT 

products Fract. A-vary insignificantly for different GL concentra¬ 

tions (Table II). Some of the substances w’hich altered Fract. S (Table I) were 
tested with the centrifugation method. Comparison of Tables I and II shows 
that substances tested by both methods alter Fract. S and Fract. A in the same 
direction. 

The data in Table III show a certain parallelism between the value of the 

products Fract. A-— of sera and the magnitude of the lowering effect 

of the lipid fraction which was extracted from those sera. This indicates that 
at least a part of the variations in the values of these products is caused by 

♦More recent studies have shown that the accuracy of the method is increased and its 
applicability extended to very turbid sera (which had to be excluded from this study) when 
all sera are clarified routinely by centrifugation at high speed before the analysis and when 
the decanted supernatants A are centrifuged again before the protein estimation. 
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interactions of pioteiiis and lipids Compaiison of Fract A ^aluos of purified 
albumin solutions (from uhich the lipids lia\e been reiuo\ed) piepaied from 
cancel and from noncancer sera ic\ealedno significant diffcicnccs 


Table II Effects of in Vitfo lIoniFic^Tioss of Sm or IIumav Atbumin Solutions on 

TIIEIT PpACT a ^ VLUFS* 



iracT v“ 

U.-l 

CL* 

CHANCE IN 
FPVCT A 
TEF CENT 



1 

Dilution 







Serum 

0 50 

4CS 

2 82 






2 33 

1 40 



II 









0 39 

3 21 

itliTJ 





0 25 

3 23 

1 63 

-30 



C Equal parts of A and B 

0 32 

3 32 

0 74 

-18 



D One part of B and 3 parts of A 

0 3G 

3 32 

0 40 

-8 

0 39 

III 

Addition of nonprotem substances 







Serum alone 

0 47 

41G 

1 50 




Serum plus 13 mg of sodium 







caprjlate per ml 

0 85t 

4 31 

4 IG 

+81 

1 67 


Serum plus 0 7 mg of dehjdro 







cholic acid per ml 


4 09 

kbi 

-78 



Serum plus 0 2 mg of dehi dro 







epiandrosterone per ml 

0 33 

4 10 

4 34 

-30 

0 66 

IV 

Addition of «crum lipids 







Serum alone 

0 37 

4 20 

310 


0 64 


+ lipid«$ from a noncancer serum 

0 35 

4 20 

310 

-5 

0 61 


+ lipids$ from a cancer «cnira 

031 

4 20 

310 

-IG 

0 54 


•Frnet A Is the more readllj cxtr-xctible nlbumln b^ the conlnfug^tion inethod de«crjbecl 
in the text T\ moans total albumin GL globulin 

tAlbumln and p'eudoglobitlln uere prepared from pooled human '^era by fractionation 
^ith ammonium sulfate an<l dlalj«ti«s 

tin this ea«c the supernatant was turb d 

§Thc«e lipid fractions «erc soluble m petroleum ether and cold acetone For detail^ 
sec text 


Table III Cojipapison op CorncTEP Fract A* Valufs of SFvrrAi Groups of SEr\ and 
Fpact a Louepinc Effects of Tiinit Lirinst 


1 

TA + CL* 

FRACT \ —— 

(CM PEP 100 ML ) 

CIIANPC OF FFACT A VALUES 
AFTEP MIXINC A NOPMAI SEPUM 
WITH LIPlDSt FPOM THESE SEPA 
(PEP CENT) 

SEFA FROM FATIFNTS 

FANCF 1 AVEPACE 1 

PANCE 1 AVEPVGE 


3 tvithout malignancies 0 73 to 0 61 0 60 +3 to -10 -4 

4 with treated malignancies 0 r4 to 0 54 OSS -6 to -10 -7 

4 with active malignancies 0 48 to 0 30 0 41 -IG to -20 -18 


•For the meaning of Pract I «ee text TV means total albumin CL globulin 
tFor preparation of these lipids see text 

The data on cancer and noncancer scia are airangcd separately in order 
of their Tract A values in Tables IV and V To facilitate the ctaluation of the 
relations of the 3 plot cm fractions and to mahe a comparison possible vMth the 
pievious clinical study,^ Table VI uas prepared b> segregating the data of 
Tables IV and V into 3 TA ranges (above 90 pei cent 70 to 89 per cent, and 
60 to 69 per cent of the av eiage normal TA of 4 5 Gm pci 100 ml sciaim) and 
computing the average Fiact A values of each range The Pi act A values 
dcciease in the lower TA ranges but the aveiagc ratios Fiact A/TA remain 
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Table V. Fract. A, Total Albumin (TA) and Globulin (GL) in Sera 
From 24 Nonmalignancies 




FRACT. A 

1 TA 

Gli 

TA + GL 

fract. a 

NAME 

diagnosis I 


(GM. IN 100 ML. SERUM) 

Ca 

Latent syphilis 

0.53 

4.33 

3.40 

0.95 

Ki 

Neurasthenia 

0.50 

4.68 

2.82 

0.80 

Ha 

Normal 

0.45 

4.17 

3.72 

0.85 

Ne 

Thyroid disease 

0.44 

4.4S 

3.76 

0.81 

St 

Uveitis 

0.44 

3.92 

3.39 

0.82 

Me 

Arthritis 

0.43 

4.49 

3.52 

0.77 

Dod 

Esophagitis 

0.43 

4.06 

3.08 

0.77 

Ki 

Adenoma of breast 

0.41 

3.16 

3.80 

0.90 

Kr 

Biliary cirrhosis 

0.41 

2.78 

4.12 

1.02 

Do 

Banti's syndrome 

0.40 

4.28 

4.70 

0.83 

La 

Uveitis 

0.39 

4.13 

4.09 

0.78 

El 

Thyroid disease 

0.39 

3.99 

3.08 

0.69 

Ne 

Thyroid disease 

0.39 

3.91 

3.76 

0.77 

Do 

Hypothyroid 

0.38 

4.13 

2.59 

0.62 

Mo 

Hypothyroid 

0.36 

3.59 

3.70 

0.73 

Wa 

Hypertrophy of pros¬ 
tate 

0.35 

4.26 

4.13 

0.69 

Ba 

Diabetes mellitus 

0.34 

3.81 

3.56 

0.66 

Hu 

Iritis 

0.34 

3.73 

3.60 

0.65 

Ste 

Cushing’s syndrome 

0.33 

3.68 

3.42 

0.64 

Car 

Cirrhosis of liver 

0.32 

2.92 

4.28 

0.79 

Scliu 

Stenosis of rectum; 
diverticulitis 

0.25 

3.12 

4.40 

0.61 

She 

Fibrosis of lungs 

0.18 

3.13 

8.41 

0.66 

Fo 

Abscess of gaU bladder; 
diabetes, nephritis 

0.10 

1.88 

4.36 

0.33 


Average 

0.37 

3.78 

3.88 

0.75 


Table V. Fract. A, Total Albumin (TA), and Globulin (GL) in Sera 
From 19 active Carcinomas 





FRACT, A 

TA 

1 GL 

TA + GL 

FRACT. A 

NAME ! 

TYPE 

PRIMARY IN 


(GM. in 100 ML. SERUM) 

Phi 

Adeao. 

Rectum 

0.33 

4.26 

2.82 

0.55 

Du 

Adeno. 

Breast 

0.32 

4.39 

2.56 

0.51 

Ga 

Squamous 

cell 

Soft palate 

0.31 

4.73 

2.34 

0.47 

Tr 

Adeno. 

Breast 

0.26 

3.67 

3.46 

0.51 

Bi 

Adeno. 

Breast 

0.25 

3.77 

4.82 

0.57 

Eh 

Adeno. 

Breast 

0.24 

3.71 

2.50 

0.40 

Le 

Scirrhous 

Stomach 

0.24 

2.67 

4.00 

0.60 

An 

Adeno. 

Colon 

0.22 

2.94 

1.76 

0.35 

B. J. 

Adeno. 

Sigmoid 

0.21 

3.S2 

4.46 

0.45 

Eo 

Adeno. 

Adrenal 

0.21 

3.15 

2.82 

0.40 

Ma 

Adeno. 

Esopliagus 

0.21 

2.64 

3.S4 

0.52 

Ab 

Adeno. 

Breast 

0.19 

2.76 

4.00 

0.47 

La 

Adeno. 

Breast 

0.18 

2.75 

2.00 

0.31 

Le 

Adeno. 

Breast 

O.IS 

2.75 

2.32 

0.33 

Je 

Adeno. 

Sigmoid 

0.14 

2.66 

3.30 

0.32 

Fr 

Adeno. 

Breast 

0.13 

2.99 

6.29 

0.40 

Pe 

Adeno. 

Lung 

0.10 

2.57 

3.88 

0.25 

B. H. 

Adeno. 

Breast 

0.10 

2.52 

3.20 

0.23 

Ho 

Adeno. 

Colon 

0.10 

1.89 

2.52 

0.23 


Average 

0.22 

3.15 

3.34 

0.45 

Pi 

Multiple myeloma 

O.OS 

1.00 

5.20 

0.50 

Ma 

Adeno. Breast 

Clinically no recurrence, 
one year after surgery’ 

0.34 

4.18 

3.82 

0.65 
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TA + Gli 

fairly constant m eacli gionp of scia The products, Pract A —, shou 

oiih small laiiations m the 3 TA laiiges for each of the noncancei and cancel 
groups Aftei the effects of the globulin eonceiitiations ucio coriccted In 

TA + 01/ 

calculating the products Piact A — y- '- a clear scpaiation of the noncancei 

and of the cancer seia becomes possible As dnuling point uas chosen half 
of the sum of the giand avoiagcs of the pioducts of the noncancei and of the 

cancel sera (Table VI) ^ = 0C05 All 20 scia fioin aelne inalig 

nancies ha\e loiiei pioduets (Table V), and 23 of the 24 noncancei scia liaic 
higliei pioduets (Table IV) Allowing foi ±5 pei cent e\pciimeiital ciioi 
4 scia (3 noiicancoi and 1 cancer) fall in the intcimcdiate zone of 0 575 to 
0 635 


TXBI.F VI COJIPIRISON OF THE AVEFACE VALUES OP FPACT A ALP OF IJIE PrODlCTS 
TA + GL 

Fract a — 7 ^— IN 3 TA Rvnoes ror NoNCAserr avd Cancer Sera 


TA RANQ3 

rtACT A* 

TA* 

1 Oh* 1 

rXTIO OF 
TTACT A 
TO TA 

j TA + OL 

FRVCT A 

t(0M m 100 >II SERUM) 

(CM IN 100 JIL SERUM) 




Ronmahonanacs 



Above 4 05 

0 43 

4 30 

3 58 

010 


0 79 

315 to 4 04 

0 37 

3 73 

3 50 

010 


0 72 

2 70 to 3 14 

0 29 

2 OS 

5 30 

010 


0 81 

AvonRe 

0 36 

3 07 

4 13 

010 


0 77 








Above 4 05 

0 32 

4 4G 

2 57 

0 07 


050 

3 35 to 0 04 

0 23 

3 01 

3 20 

OOC 


0 44 

2 70 to 3 14 

0 39 

2 85 

3 27 

0 07 


0 41 

Averago 

0 25 

3 04 

3 03 

0 07 


0 44 

•For the 

meaning of Fract A 

see text TA means total albumin 

GL globulin 


Table VII Comparison Between the Results Obtained on Sepa From Nonm\.lignancies 
AND FroM M\lignancies m the Centrifugation Method (CM) and the Paper 
Extraction Method (PM) 




1 MALIGN VNCIES 




TA 1 

S 




(CM IN 300 i 

CM PM 




ML SERUM) 1 

{% OF NORMAL) 


Above 4 05 

4 30 

S8 

88 

4 46 

05 

69 

3 35 to 0 04 

3 73 

75 

TS 

3 01 

47 

57 

2 70 to 3 14 

2 98 

59 

58 

2 85 

39 

40 

Grand aver 

3 07 

74 

75 

3 04 

50 

65 


The average? for the Pract. A >a)iies in the 3 total albumin (TA) ranges In Table IV 
were transformed into S \ahies Je per cent of normal NaJurs by the formula S =; 100 X 
FraeL A/0 49 The S values for the same total oibumm values were read from Fig 1 of the 
previous piper^ 


Compaiison Bctitcen EialuaUons of Remits Ohtatned ^V^fh the Geniiifuga 
Uon Method and ^Vlth the Paper Extiactioii Method —Since our experiments 
had to be inteiiupted i\e can lepoit dati only from 45 seia, analjzed with 
the centrifugation method Our conclusions can be supported by the results on 
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578 sera analyzed previonsly with the paper extraction methods Those data 
had been reported as S values, i.e., as per cent of the average Fract. S values of 
normal sera. To make comparable the results obtained with botli methods, 
the Fract. A values from Table VI were calculated as S values, tliat is, per 
cent of normal by the formula 100 x Fract. A/0.49. Table VII shows that the 
average S values of the noncaneer sera are very similar bj’’ both methods at 
each le^'^el of total albumin; while in the cancer sera the values by the centrifuga¬ 
tion method are about 10 per cent lower than by the paper extraction method. 

The Nature of Fract. A, a More Rapidly Extractahle Albumin .—The mag¬ 
nitude of the Fract. A value of any serum graduall}^ decreases as the time of 
standing of the mixture of serum -with 38.2 per cent {NH 4 ) 2 S 04 is increased. 
After 1 hour the value is about 15 per cent greater, and after 48 hours about 
10 per cent less, than the value at 19 hours. Even after 9 days, when the value 
has decreased about half, it continues to decrease. Also vigorous stirring or 
any elevation of temperature up to 35° C. decreases Fract. A values. It should 
be emphasized that such variations in time, agitation, or temperature have no 
significant effect on the total albumin value as measured by 31 per cent 
(NHiljSOj or on the globulin values measured at 12 per cent (NHj) 2 S 0 j, and 
this supports the idea that these decreases in Fract. A are not due to denatura- 
tion of protein. 

<' ^ The decreasing effect on the magnitude of Fract. A of increased duration 
of/extraction and stirring demonstrates that Fract. A is not, as we formerly 
thought,^’ ° a more soluble albumin, but rather a more rapidly extractable albu- 
miir fraction. The manner in which the presence of li])ids or of globulin alters 
the rate of albumin solution is not clear, but the phenomenon undoubtedly 
involves interaction of albumin with lipids or albumin with globulin. 


,, ., DISCUSSION 

/.In the previous study a separation of the Fract. S values of cancer and 
noncaneer sera was made in terms of a dividing line constructed from the 
average S values of each group at different TA levels.^ In the present study 
the consideration of another factor, the globulin concentration, leads to a simpler 


and more accurate evaluation. 


One value, the product Fract. A 


TA + GL 
TA 


, is used 


as dividing point for all sera. The data in Table II give an experimental basis 
for the use of this product. It represents the Fract. A values with correction 
for the effects of variations in the ratios 6L/TA. 

The centrifugation method described in this paper for estimation of 
Fract. A has the follo.wing advantages when compared with the paper extrac¬ 
tion method which was used for measuring Fract. S. The use of paper is 
eliminated; so the effects of interaction between paper and proteins are avoided. 
The ratio of serum to extracting solution is increased and a smaller percentage 
of the albumin is extracted; these allow a more accurate measurement of the 
effects of some Fract. A altering substances. The effects of temperature varia¬ 
tions on the amount of extracted protein are minimized. The data shoiv less 
overlapping in the corrected values for the individual noncancer and cancer sera. 
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Dis'i(l\antagcs of the coiitufugation method aic the rcqimemcnt' of some 
special equipment and moic time In some scia the supoinatant^ A 'weie 
tiirhid hefoic heating, and the method could not be applied * Wc obs< 2 r\ed this 
phenomenon m 2 noncancei scia which wcic excluded fiom Table IV 

The effects of the addition of \aiions lipids to seium in \itio (Tables I, 
II and III) aic best intcipieted b'v assuming that the Piact S and Fiact A 
\aluos arc influenced markcdlj by inteiactions between soium pioteins and 
lipids One maj conclude that in sera of the same albumin and glolnihn con 
centiation, diffciciit Tiact A lalucs iindei \arioiis physiologic and pathologic 
conditions icflect -Naiiations in the conccntiation of Pi act A-clc^atlng oi Pract 
A low Cling lipids The low ei than normal Piact A i allies usually obsei\cd in 
scia of diseased persons indicates cither an incicasc in Piact A loweimg oi a 
deciease in Piact Aeleiating substances Piuthei iincstigations aie neeessaii 
to dcteimine whethci the still lower Pract A values in malignancies a^e caused 
by an incicasc in the concentration of the same kind of Piact A lowcimg sub 
stances commonh piesont in scia, or to the presence of specific lipids (ihaiactei 
istie of malignant giowth 

"Wo wish to emphasize that the described method is nonspecific rtnd not a 
“cancer” test It is iccommendcd not as a substitute but rather as ^ supple 
ment to cytological methods Cytology reicals the picscncc of abnoimal cells 
Seiolog\ moasuies chemical changes caused by their presence and is co^npheated 
ba inteifeiing factors lelatcd to other pathologic conditions "We feel that 
analyses of a gioatei numbci of unsclccted sera fiom the same kinds of patients 
would not ctiangc slgmf^cant'l^ ttic statis’iica'i lesults To doteiminc tiVrrntad 
^alue of the proposed method for cancel diagnosis it seems more important to 
re examine with this method selected sera of patients with ccitain conditions in 
which “false positiic” results had been obtained with preiious methods, eg 
certain chronic oi acute infections, liver and kidney diseases, and pregnancy 
The effects of food intake and of certain drugs (eg, sulfa drugs) have^to be 
established The duiation and magnitude of aftei effects of ladiation and 
surgeij on Piact A ^alucs must be determined before it will be possible to 
cialuate the significance of Piact A data on sera of treated cancer patients 
When infoimation on these ^allables is aiailable, the proposed method may be 
a useful aid in the diagnosis and prognosis of cancer 

This method should be useful, along with other methods, in the character 
ization and isolation of Pract A loweiing lipids oi lipid piotcin complexes 
which arc present duiing malignant growth If such lipids aie found to be 
characteiistic of ceitain or all kinds of malignancy, the significance would be 
great not only for seiodiagnosis of cancer, but also for the metabolic nature of 
malignant growth 

SUMMARY 

1 A method is desciibed in which the serum piotcins are precipitated and 
then extracted successively with 38 2, 31, and 12 pei cent ammoniupi sulfate 
solutions The extracts aie sepaiated from the precipitates by centiifugation 
at high speed, and their piotein concentiations aic measuicd tuibidimetiically 


•See footnote on page 360 
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They are designated as Fract. A, B, and G, respectively. The sum of Fract. A 
and Fract. B approximates the total albumin (TA) and Fract. G, the globulin 
(GL). 

2. With this method 45 sera (20 from malignancies) Avere analyzed. It was 

rn A , 

found that the products Fract. A--for all sera of patients Avith malig- 

i A 

nant disease Avere loAver than a certain reference value, Avhile those of patients 
AAdthout malignant disease, AAutli one exception, Avere higher. 

3. These results are compared Avith tlie evaluation of analyses on 578 sera 
in Avhich the serum proteins had been precipitated onto strips of filter paper, 
and extracted Avith 38.5 and 31 per cent ammonium sulfate solutions. The 
adAmntages of the centrifugation method are discussed. 

4. In vitro studies indicate that the characteristic differences betAveen sera 
of patients AA'ith and AA'ithout malignancies are due not to variations in the 
quantity or nature of the serum proteins, but to their interactions Avith certain 
nonprotein substances, Slixing sera Avith certain fatty acids causes elevation 
of their Fract. A values. LoAver Fract. A values are observed after mixing sera 
AAuth most bile acids, Avith certain steroids and other substances related to sex 
hormones, or Avith certain acetone-soluble lipids extracted from cancer sera. 

5. These obseiwations suggest that during malignant groAvth certain char¬ 
acteristic lipids or lipid-protein combinations occur in the serum. 

6. The clinical value and the limitations of the described method for 
serologic cancer diagnosis and prognosis are discussed. 
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CHROilOGENS IX THE UIHXE OF XORILVE INDIVIDUALS AND OF 
EPILEPTIC PATIENTS AVniCH REACT IVITII EHRLICH'S 
ALDEHYDE REAGENT 
I^Ieyer lIUJiKonTz, M.D.* 

Chicago, III. 

T he test for porphobilinogen described by Watson and Schwartz* in 1941 has 
gained uddespread acceptance as a simple laboratory aid in the diagnosis of 
acute inteimittent porphyria. Hammond and Welchor concluded that the test 
was quite specific. 

For several years I was interested in following a number of patients with 
acute intermittent porphyria.* As a icsiilt of this interest, 2 patients were 
leferred from the Neurolog>--EpiIepsy Clinic. Those patients had been treated 
for epilepsy for over 5 years, and bad recently developed acute, intermittent 
abdominal pain. The diagnosis of acute intermittent porphjTia was entertained, 
especially when a test of their urine for porphobilinogen revealed a purplish- 
pink color which was insoluble in chloroform. Howe\er, no uroporphyrin and 
no increase in coproporphjTiu could be detected in several 24-hour specimens 
of the patients’ urine. 

Two other possibilities came to mind. First, that the barbiturates used in 
the treatment of epilepsy might have caused some aberration in pyrrole metabo¬ 
lism This ^Nould fit nicely with the clinical obserration of Waldenstrom* that 
barbiturates may cause exacerbations of acute intermittent porphjTia, and the 
experimental eridence described by Goldberg* on the effect of certain barbitu¬ 
rates on the porphjTin metabolism of rabbits. The second possibility derived 
from the observation that a considerable number of patients ^rith acute inter¬ 
mittent porphjTia ha\e epileptiform seizures. If the urine of patients with 
epilepsy contained porphobilinogen, then perhaps there was also a defect in 
pyiTole metabolism in epilepsy. (In tliis connection, Goldberg and his associ¬ 
ates® have recently discussed the lack of physiologic activity of purified por¬ 
phobilinogen.) 

This is a report concerning the frequent finding of a positive test for 
porphobilinogen in the urine of epileptic patients, and attempts to characteiize 
the chromogen responsible. 

3IETHODS 

TLe test for porphobJmogen was performed as described below. Fire milliliters of 
Ehrlich's aldehyde reagent (as modified by TVatson) was added to 5 ml. of fresh, urine. 
Ten milliliters of a saturated solution of sodium acetate was then added. Finally, 5 ml. of 

From the Iseurophysiologj Laboratones. I>cpartment of Psychiatry. Unnersity of Illinois 
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chloroform -tt-as added. The mixture was shaken well after each addition. The test was 
considered negative if no pink color remained in the aqueous phase. Only a definite purplish- 
pink color was considered positive. Reagents from several different sources were used with 
identical results. 

Later in the study, the Vahlquist tj’pe of Ehrlich's aldehyde reagent was used. Tiiis 
necessitated filtering after the addition of the saturated solution of sodium acetate. 

The method used to concentrate the Ehrlich aldehyde reacting substances in the urine 
was a modification of the methods of Westall,r and of Cookson and Eimrngtons for the 
crystallization of porphobilinogen. 

Urine specimens were collected daily for 3 to 6 daj's from 5 normal individuals (fellow 
laboratory workers, all men, and under age 35) and 5 epileptic patients.* Each day’s speci¬ 
men was acidified with acetic acid, and then mercuric acetate (15 per cent -w/v) was added 
until precipitation was complete. The precipitate was collected and washed with mercuric 
acetate (1 per cent w/v). The daily specimens were combined, resuspended in distilled 
water and decomposed by H„S. After filtration and aeration, excess lead acetate (10 per 
cent w/v) was added. The deeply pigmented precipitate was removed and silver nitrate (20 
per cent w/v) was added to the filtrate until precipitation was complete. The silver nitrate 
precipitate was removed and mercuric acetate (15 per cent w/v) was again added to the 
filtrate. This mercury precipitate, almost white, was collected, resuspended in a small amount 
of distilled water, and decomposed with H^S. After filtration and aeration, the filtrate was 
passed through an alumina column, approximately 3 cm. in diameter, and 20 cm. in length, 
prepared by washing with 3 per cent acetic acid followed by 1,500 ml. of water. After all 
the filtrate had been put on the column, water was then passed through imtil no material 
giving a color with Elirlich’s aldehyde reagent appeared in the eluate. Ammonia, 0.1 N, 
was then run through the column, at a rate not exceeding 100 ml. per hour. The Ehrlich 
aldehyde reacting material in the eluate was collected on a fraction collector. The fractions 
were then lyophyllized, taken up in 5 ml. of 0.1 N ammonia, and then frozen. 

Paper chromatograms were made by the ascending method and were run 4r/> to 6 hours 
at room temperature. The solvent was a mixture of butanol, acetic acid, and water (using the 
top layer only) as described by Partridge.^ The paper chromatograms were dried at room 
temperature and then sprayed with Vahlquist type Ehrlich’s aldehyde reagent. 

Urine specimens from two patients with porphyria hepatica, acute intermittent type, 
were prepared in the same manner and used for comparison of porphobilinogen with the 
chromogens present in the samples from epileptic patients. 

RESULTS 

Table I gives the results of the Watson-Schwartz tests in 91 patients from 
the neurologj’^ clinic. 

Fourteen of these 91 epileptic patients (those ivitli the most strongly "posi¬ 
tive” tests for porphobilinogen) were then examined as to their liver function 
by means of Bromsulphalein excretion, thymol turbidity, cephalin flocculation, 
and serum bilinibin. All values for these tests were within normal limits except 
for a mild reduction in Bromsulphalein excretion in one patient. Twelve of the 
fourteen still had “positive” tests for porphobilinogen. 

In the patients tested, there fvas no correlation of “positive” tests with the 
type of epilepsy, drug used, or age and sex of the patient. The only possible 
exception was a group of 5 patients with petit mal epilepsy alone, none of whom 
had a “positive” test. The drugs used in the treatment of these patients in¬ 
cluded phenobarbital, Dilantin, Tridione, Mesantoin, Mebaral, Milontin, Diamox, 
Phenurone, Mysoline, Eliptan, and Hibicon. 

•Dr. Leo Kaminetz, Clinical Director, Dixon State School, Dixon, Ill. 
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Spectrophotomefno studies of the purplish pink color obtained m hen the 
mine Mas tested for porphobilinogen shoued an abnipt increase in light trans 
mission at 5S0 mp, and a long, relativclj flat plateau from 500 to 580 mp, quite 
distinct from the characteristics of porphobilinogen aldeliide (552 and 522 mp) 


Tahle I Patients With Epieepsy* 


CIaASSIFICATION 

1 NUilBEP OP PATievre 

1 VUMBEF OF TESTS “POSirWE” 

Tot'll Patients 

91 

47 

Male 

54 

33 

Fennle 

42 

15 

Under age 14 

IS 

7 

Orer age 50 

4 

2 

Petit nial 

5 

0 

Petit mal + grand nnl 

26 

n 

Grand mal + psychomotor 

29 

25 

Psjehomotor 

30 

5 

All other epilcps} 

11 

6 


•Diagnoses are the result of a correlation of clinical and electroencephaloSTaphic find 


mgs 

The iinne of the 5 epileptic patients at Di\on State Hospital and of the 
5 fellow laboratorv people was then treated bj the method described above In 
this attempt to concentrate and tlien charactenze the chromogen responsible 
for the **positi\o” tests foi porphobilinogen in the epileptic patients, three 
major fractions were obtained The first, the water fraction, contained chro 
mogen •winch would not adhere to the alumina column and was collected bj 
washing the alumina column with water The second fraction appeared at a 
pH of 4 to G when the column was washed with dilute ammonia The third 
fraction was easilj seen traveling down the alumina column as a brownish ring 
and appeared in tlic eluate at a pH of 7 

The water fraction gave a pinkish purple color upon the addition of 
Ehrlich’s aldehjde reagent The addition of saturated sodium acetate solution 
made the color more purple This purple coloi was insoluble and light ahsorp 
tion studies still showed a plateau from 540 to 570 mft Upon standing for 
several da>s at room temperature a grajusli color developed 

The pH 4 to 6 fraction was foimd in 4 out of 5 normals but not in the 
epileptic patients It produced an orange brown color with Ehrlich’s aldehjde 
reagent and became yellowish upon the addition of saturated sodium acetate 
solution Spectrophotometne stud> of this pigment showed a plateau from 470 
to 500 mfi 

The pH 7 fraction gave a purplish color upon addition of Ehrlich’s aide 
hj de reagent, and addition of a saturated solution of sodium acetate produced 
a faint light blue color 

Ascending paper chromatograms were then made, using all of the fractions 
As a control, the pH 7 fraction from a patient with acute intermittent porphyria 
was used This fraction contained poiphobilmogen and the aldehyde color gave 
a peak at 552 m/t The puiplishpmk spot of porphobilinogen aldehyde ap 
peared immediately upon sprajnng with aldehyde reagent When verj small 
spots were made, this mateiial had an R P of 0 51 The water fraction, in both 
normal and epileptic patients, yielded a purple spot with an R F of 0 50 This 
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purple spot appeared slowly after the paper was sprayed with the aldehyde 
reagent, and did not reach maximum intensity until about 15 minutes. A few 
hours later the spot became yellow and 24 hours later it was a blue-green. 

The pH 4 to 6 fraction, found in 4 out of 5 normal urines but not in the 
urine of epileptic patients, yielded two spots, both orange-bro’mi. The larger 
spot had an K.F. of 0.46 and appeared \vithin one minute after sprajdng with 
the aldehyde reagent. Under ultramolet light, this spot fluoresced a bright 
pinkish-red reminiscent of uroporphyrin. The smaller spot appeared slowly 
and had an R.F. of 0.34 and did not fluoresce. 

The pH 7 fraction contained three spots in 3 out of 5 normal urines, but 
only two spots in all the urines of epileptic patients, as well as in two of the 
normal urines. All of these spots appeared slowty after spraj'ing with the 
aldehyde reagent and reached maximum intensity over an hour later. Two of 
the spots were pui-plish and faint and had E.F. values of 0.95 and 0.78. The 
third spot, present in 3 out of 5 normals only, was most prominent. It was 
deep blue and had an R.F. of 0.86. 

In two patients with acute intermittent porphyria, the same fractions 
present in the urine of normal patients Avere found, in addition to the porpho¬ 
bilinogen in the pH 7 fraction. In two additional patients with epilepsy, who 
were having frequent seizures Avhen their urine was collected, very little material 
giving anj' color mth Ehrlich's aldehyde reagent could be found. In one of 
these, no such pigment could be demonsti’ated at all, and in the other, only a 
small water fraction, but no pH 4-6 or pH 7 fractions could be found. 

Under ultraviolet light a great many small spots and bands appeared in 
all of the fractions. Before spraying AAuth aldehyde reagent many of these had 
a light bluish fluorescence. After sprajdng with aldehyde reagent only the 
porphobilinogen spot from the urine of patients Avith acute intermittent por¬ 
phyria and the spot in the pH 4-6 fraction AAuth an E.F. of 0.46 gave a pink 
fluorescence AA'hich looked like uroporphj'rin. 

DISCUSSION 

The ‘Watson-SciiAvartz test of the urine of epileptic patients was suggestiA-^e 
of a positive test in roughlj’^ 50 per cent of patients tested. Results of concen¬ 
tration of urine and chromatography of the concentrated fractious failed to 
I’eveal any iiorphobilinogen of the type found in acute intermittent porphyria. 
HoAvever, several chromogens Avere present in the concentrated urine of both 
normal and epileptic patients AA’hich could be confused Avith porphobilinogen 
upon the addition of Ehrlich's aldehyde reagent. Possibly, a quantitative differ¬ 
ence exists in the chromogens present in the urine of normal Amrsus epileptic 
patients which would account for the mildly positive-appearing tests in the 
unconcentrated urine of epileptic patients. It also seems likety that the amount 
of chromogens excreted in the urine of epileptic patients A’aries Avidely from 
time to time. The only qualitatHe differences were the absence of the pH 4-6 
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fraction from the uiinc of epileptic patients and also the absence of the KF 
0 8G portion of the pH 7 fraction of the urine of these same patients These 
fractions weie found in the urine of normal patients 

The chromogens responsible foi the colors %\hen aldehjde reagent vas added 
haie not been identified They are distinctly different from porphobilinogen, 
and may bo indoles oi trjptophaiic’® These chiomogens maj be a reflection of 
a metabolic defect causing disturbances in central nervous system function 

SUMMARY 

1 The test for poiphobilmogcn desciibcd by "Watson and Schwaitz was 
done on the mine of 91 epileptic patients 

2 Tort} seven of these 91 patients had a definite “posituc” test 

3 Studies of the ehromogens, causing these positn e appearing tests failed 
to identify them, but did show them to be distinct from porphobilinogen aide 
hjde 

4 The significance of these ehromogens is unknown The suggestion is 
made that these ehromogens maj be related to a metabolic defect in epileptic 
patients 

I gratofullj acknowledge the encouragement of Dr R Gerard and the suggestions 
of Dr Leo Abood and I am particularly grateful to Dr Herbert Grossman 
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ENDOCRINE FACTORS IN THE ALTERATIONS OP THE BLOOD 
COAGULATION MECHANISM FOLLOWING SURGERY 

John A. Williams, M.D., and Richard Warren, M.D. 

Boston, Mass. 

With the Technical Assistance op John S. Belko, lil.S., and 
Alice Wysocki, B.S. 

E vidence that the transient thrombocytopenia and depressed thrombo- 
cytogenesis eharaeteristic of the early postoperative period^ can be simu¬ 
lated by ACTH-induced “dummy stress” in normal individuals- suggests that 
adrenocortical hj’^peractivit}' may be a major factor in the altered mechanisms 
of blood coagulation which have been observed following surgery.^ The po¬ 
tential importance of these alterations in the pathogenesis of thromboembolism 
prompted the present correlative evaluation of adrenocortical function and the 
clotting mechanism in surgical patients. 

materials and methods 

The subjects for this study were patients on the general surgical service, undergoing 
elective surgical procedures of varying degrees of magnitude. None had known hematologic 
abnormalities. All convalesced uneventfully, without thromboembolic sequelae. 

Serial observations were made pre- and postoperatively of peripheral blood platelet and 
eosinophil counts, coagulation times, plasma and serum prothrombin times, serum "free” 
17-OH corticoid concentrations, and bone marrow megakaryocyte activities. 

Blood samples were obtained by venipuncture, bone marrow by aspiration from vertebral 
spinous processes in the upper lumbar or lower thoracic region. 

Platelets were counted by the direct method, using modified Eees-Ecker diluting fluid.r 
Absolute eosinophil counts were made by the technique of Henneman and associates.® 

Plasma prothrombin times were determined by the method of Quick. The activity of 
prothrombin accessory factors was estimated by comparison of the prothrombin times of 
aliquots of plasma with and without the addition of material providing an excess of these 
factors.® 

Residual prothrombic activity of serum was determined by the technique previously 
described^; the results are expressed in terms of the clotting time (in seconds) of the recon¬ 
stituted system. 

Concentrations of unconjugated 17-OH corticoids in serum were measured by the 
method of Nelson and Samuels.s 

Megakaryocyte productivity was assessed by examination of stained marrow smears, 
utilizing a system of differential classification! in which megakaryocytes are grouped accord¬ 
ing to platelet content. With the exception of units whose cytoplasm is made up entirely of 
platelets, the percentage of platelet-containing cells is assumed to indicate productivity. 

From the Surgrical Service and Research Laboratory, Veterans Administration Hospital, 
West Roxbury, Alass., and the Department of Surgery, Harvard Jledical Schooi, Boston. 
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V»l m. so BI OOD COAOUr.ATION MI OHANISM TOLLOWING SURaEBY 

\ m btr 3 

BFStILTS 

As shown giaphicalK in Tigs 1 and 2, the subject material has been con 
sideicd Ill two gionps, 10 patients subjected to rclatJtclj niinoi snigical proce 
dures (such as inguinal heriiioirhaph}), and 12 patients undeigoing majoi 
opeiations (subtotal gastieofomy, pulmonatj or cardiac surgery) 

Group I (Majoi Surgery) — 

Platelets. Reduction in peripheral blood platelet count duiiiig the opeia- 
tne proecdures aieraged 30 pci cent Return to prcopeiatiie lange was eiident 
on fourth postoperatiie day, .and the ensuing thrombocj tosis c\ceeded the pie 
opeiatne mean by 45 pei cent 



Pig 1 —T) e effects of major surgerj on scrum corticoids eosinophSt and platelet counts anti 
seium prothrombin time Mean data from 12 patients are represented 

Eostiiopliils Fluctuations t\cie similar to platelet lesponse, except that 
eosinopciua tvas moie tiansicnt and “rebound’* cosinophilia occuired eailier 
(se\enth day) in the postopeiatue peiiod 

Plasma prothrombin times One stage piothrombui times were piolouged 
for ten dajs following operation This trend was maximal (64 per cent of 
normal) on the first postoperative da\ and appaientlj represented a reduction 
in theactiiitj of piothromhin accessory factors 

Alegalaryocyte productivity The ratio of platelet producing to nonproduc 

mg cells fell from 115 before operation to 0 33 end 

ot opeiation, rising to 2 0 (= ^) on the tenth postopeiatue day 

Serum prothrombin times Prompt elevation was noted, maMmal at the 
end of opeiation, with noimal values on and aftei the second postoperative day 
Serum 17 OH coiUcoxds Rise to highest level was attained at the end of 
surgerj, with values in normal range on and after second day 
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G7-0UP II (Minor Surgery ).—The patterns of change following minor opera¬ 
tions (Fig. 2) differ in degree rather than in kind from the responses to more 
major procedures. 



FIb. 2.—Tlie effects of minor surgery on serum corticoids, eosinophil and platelet counts, and 
serum prothrombin time. Mean data from 10 patients are represented. 


DISCUSSION 

Acute changes occur in the clotting mechanism as well as in the peripheral 
level of 17-OH corticoids following surgery. The attainment of ma.Kimal corti- 
eoid levels correlates well in time with the attainment of maximal alterations in 
the elements of the clotting mechanism included in this report. However, with 
the exception of the serum prothrombin times, beyond this initial phase of the 
responses no direct correlation is evident between corticoids and clotting factors. 

The operative rise in eorticoid level was invariably accompanied by a fall in 
platelet count and in megakaryocyte productivity. However, in individual 
patients no systematic relationship was evident between the magnitudes of the 
eorticoid response and the degrees of thrombocytopenia and depressed thrombo- 
cytogenesis. Observations not included in this report indicate, furthermore, 
that thrombocytopenia (and depressed platelet production) without elevation 
in circulating corticoids occurs occasionally after simple intravenous infusions 
of dextrose solutions in normal indmduals. From these observations it appears 
unlikely that the eorticoid response to surgical stress is an important factor in 
initiating alterations in platelet level and platelet production. 

Thrombocytosis and increased megakaryoeytic productivity in the second 
week of convalescence, found in approximately two-thirds of these patients, was 
not accompanied by changes in peripheral blood eorticoid levels. 

The correlation between the fluctuations in eorticoid concentration and the 
efficiency of prothrombin consumption in individual patients was consistent 
both in timing and in magnitude. This correlation suggests that adrenoeorticoids 



\f.}umeso BLOOD C04GULVTI0N MECHANISM iOLLO^^r^G SUEGER1 

Number 3 


375 


maj bo the tlcteimining influence in this **supcrcoiisumption” o£ prothrombin, 
suggestne of increased actuitj m the thiomboplastm mechanism, in the earlv 
phase of the icsponse to stress 


SUMMARl 

1 Obscnations i\crc made of peiiplieral blood platelet and eosinophil 
counts, megakai>oc)tc pioductmtj, plasma and seium prothiomhm times, and 
senim 17 Indioxjcortieoid eonccntiation m patients undergoing elective sur 
gieal operations of varjnig degrees of magnitude 

2 Earl} postoperatne decreases uere obser\ed m platelet and eosinophil 
le\els, m platelet pi eduction, and in the actnitj of prothrombin aeeessoij fac 
tors, these changes coirclatcd uell tcmpoiall} uith the obscr\ed mciease in 
peiiphcial eoiticostcioid leiels, but in each instance the alterations in these 
elements of the clotting mechanism pcisislod for se^elal da%s after return of 
the steroid lei cl to preoporatu e range 

3 Late postopeiatuc thrombocytosis and augmented platelet production 
ucie not associated with measurable alterations in adrenocortical activity 

4 Good coirelation was observed between prothrombin consumption and 
corticoid level thioughout the penods of study 
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PLASMA AND RED CELL CHOLINESTERASE IN 800 “HEALTHY” 

BLOOD DONORS 

J. Alfred Rider, M.D., Ph.D., J. L. Hodges, Jr., Ph.D., Joyce Swader, B.S., 

AND AL^^N D. Wiggins, M.A. 

San Francisco, Calif. 

T he past few years have seen a rapid increase in the number and tjiies of 
anticholinesterase agents used as medications and as commercial insecti¬ 
cides. Great interest has also been shown in the development of anticholin¬ 
esterase agents as poison gases and of effective antidotes to their use. In 
addition, cholinesterase activity has been utilized as an index of disease and 
prognosis in hepatitis and other diseases of the liver’-” and in ulcerative 
colitis.^’ 

Because of the growing interest in cholinesterase, it has become increas¬ 
ingly important to establish “normal values” for plasma and red cell cholin¬ 
esterase in man. “Normal” cholinesterase levels have been reported by a 
number of investigators, such as Callaway and associates,’® Sealey,” Fremont- 
Smith and associates,’® Huerga and associates,’® Wolfsie and associates,’® Rein¬ 
hold and associates,” Vorhaus and associates,’® Kaufman,’® Molander and as¬ 
sociates,®® Oka,®’ and Sabine.®® The majority of these studies, however, were 
based on cholinesterase determinations by various methods in rather small 
groups of subjects, consisting primarily of men, in a narrow age range. 

The unusual opportunity* to use blood specimens from blood-bank donors 
made it possible to undertake cholinesterase determinations in a large series 
of normal subjects with a wide age range. The purpose of this study was to 
establish normal values for plasma and red cell cholinestei’ase with respect 
to age and sex, to establish any variations in these values between indhdduals 
and in the same individual at different times, and to determine whether a rela¬ 
tionship exists between plasma and red cell cholinesterase. 

JIATEKIALS AND METHODS 

Subjects .—The specimens used in this study -were obtained over a 5-month period from 
400 male and 400 female blood donors. The criteria of acceptance as blood donors had 
eliminated persons with any of the following: a history of jaundice, sj-philis, tularemia, 
undulant or relapsing fever, diabetes, peptic ulcer, or gonorrhea; a transfusion of blood or 

From the Gastrointestinal Clinic of the Department of Medicine, University of Cali¬ 
fornia School of Medicine, San Francisco, and the Department of Statistics, University of 
California, Berkeley, Calif. 
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its deri\ati\es within the past ^ear, household contact with jaundice Tvithm one year or 
poliomyelitis within 3 weeks, infectious mononucleosis dunng the preceding 2 jears, a 
historj of rheumatic fever or tuberculous, unless mild and of •»hort duration, pregnancy, 
unless terminated 6 months preiiou^ly, colds sore throats, or infections with fe\er (abo\e 
09 2“ F) Persons iMth a temperature of 906* F aMthout other samptoms were ac 
cepted Subjects with a histora of asthma or allerga coull be accepted at the discretion 
of the phasician A maximum pulse rate of 110 per minute an I blood pressures ranging 
from 110/60 to 200/100 3\ere acceptable SerolOp.ic tests for s\philis wore negative in 
all subjects Hemoglobin levels in all cases were 12 Gm or abo\e (as deternuned b\ the 
copper sulfate screening method) In adittion to the abo\e criteria, no known or sus 
pected alcoholic and no person whose appearance suggested possible malnutrition or recent 
disease was accepted Less than 10 per cent of the entire group were ' profe sional 
blood donors These are screened much more carcfuIU than the ordinarv donors, cspeciallv 
with regard to general health and historv of present or past disease 

The donors ranged from 18 to 60 \cars of age TIid 3 were separated into groups 
according to age by year To insure wide age spreal, the groups for each \ear were lim 
itcd to not more than 12 indiaiduals of the same sex Some selection ineMtabL occurred 
since the groups in the median jears and the quota of men were completed first It was 
more difficult to complete the groups at the extremes of the age range and to fill the quota 
of women 

Method —Blood was drawm from fasting donors into 15 ml graduated centrifuge 
tubes containing a small quantitj of dry heparin * The tubes were centnfuged, the 
plasma was remo^ed bi aspiration, and the red cells were washed twice with 0 9 per cent 
sodium clilonde solution The plasma and RBC cholinesterase determinations were made 
within 24 hours, using ilichel’s potentiometric method'*^! which measures the fall in pH 
occurnng when acctvlchohne chloride} is split bv cholinesterase into acetic acid and 
choline The cholinesterase activitj is recorded as the change in pH produced bi 0 02 
ml of buffered RBC or plasma with the acetilcholinc substrate in one hour at 25® C, 
A pH per hour Corrections are made for nonenzimatic Indrohsis and \'‘nations iii the 
rate of pH change with a decrease in pH 

RESULTS 

1 Accuracy of Method —An experiment avas conducted to assess the ac 
cuiacj of oui cholinesterase mcasuiemcnts and the constancy of the chohn 
esterase level in an individual over short pciiods of time A blood sample was 
taken once a w eek for 3 w eeks from each of 10 healthy subjects Each sample 
was divided into 3 parts, which were analyzed separately It was possible 
to estimate (1) the standard error of each analysis by compaimg the triplicate 
analyses of the same blood sample, and (2) the standard crioi for the tern 
poral variation of the cholinesterase level in the individual fiom week to week 
by comparing the mean values for the 3 blood samples and allowing for the 
vai lability of these means 

The results were as follows standard enor of analysis, RBC cholin 
esterase, 0 022 ± 0 002, plasma cholinesteiase, 0 022 ± 0 002, standard error of 
tempoial vanation, RBC cholinesterase, 0011 ± 0004, plasma cholinesterase, 
0 033 ± OOOG These standard eirors are negligible when compared with the 
inteiindividual vaiiations 

•Supplied by The Upjohn Company Kalamazoo Jlich 

tAlthoueh ‘ie%eral methods are a\ailable to determine plasma an 1 RBC cholinesterase 
we selected Michels potentiometric method because It Is simple quick highly accurate and 
gives reproducible results 

ISupplIed by Merck &. Co Inc Rahwa> Jvew Jersey 
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2. The Relationship Betiveen Plasma and R.B.G. Cholinesterase .—^Although 
these two esterases differ, in that each has its own specific substrate, they do 
have in common the ability to hydrolyze acetjdcholine. It is not known 
whether the two esterases are physiologically interdependent. A correlation 
has been suggested, however, in a study of ulcerative colitis,where it was 
found that the serum cholinesterase level was low and the R.B.C. cholinesterase 
level high when the disease was active; whereas with healing the serum cholin¬ 
esterase rose and the B.B.C. cholinesterase fell. 

Analysis of the present data, however, showed little relationship between 
the plasma and B.B.C. cholinesterase levels in the same mdividual; the correla¬ 
tions were 0.087 ± 0.050 for men and 0.016 ± 0.050 for women. This suggests 
that the physiologic mechanisms that determine the two cholinesterase levels 
are not closely related. 


Table I. Change in Plasma Cholinesterase Level With Age 


MEN 

WOMEN 


UPPER 

LOWER 



UPPER 

LOIPER 


AGE 

LIJtlT 

limit 

MEAN 

AGE 

LIMIT 

LIMIT 

MEAN 

20 

1.35 

0.48 

0.91 

20 

1.17 

0.30 

0.74 

30 

1.37 

0.50 

0.93 

30 

1.21 

0.34 

0.78 

40 

1.39 

0.52 

0.95 

40 

1.25 

0.38 

0.82 

50 

1.41 

0.54 

0.97 

50 

1.29 

0.42 

0.86 

60 

1.43 

0.56 

0.99 

60 

1.33 

0.46 

0.90 


3. The Relationship of Plasma and R.B.C. Cholinesterase to the Age of 
the Donor .—^It was found that the B.B.C. cholinesterase level did not change 
with age in either men or Avomen. The plasma cholinesterase level, however, 
showed a definite, although small, increase with age in both sexes, amounting 
to 0.002 + 0.001 A pH per hour per year of age in men and 0.004 ± 0.001 per 
year in women (Table I). This does not mean that the plasma cholinesterase 
levels of all indndduals would necessarily increase at these rates as they greAv 
older. For example, perhaps plasma cholinesterase levels are slightly higher 
in healthy than in less healthy pei’sons, and perhaps older blood donors, as a 
class, are in exceptionally good health. These suppositions would explain our 
findings without indicating that the plasma level is actually increased with 
age. 

4. The Relationship of Plasma Cholinesterase and R.B.C. Cholinesterase 
to Sex .—The levels of both cholinesterases were higher in the men than in 
the Avomen donors. The difference of means Avas definitely significant for the 
plasma level (0.136 ± 0.020), but not significant for the B.B.C. level (0.016 + 
0 . 011 ). 

5. The Relationship of Plasma and B.B.C. Cholinesterase to Day or Month 
“Batch Effects .”—The samples were collected and analyzed in batches of not 
more than 40 a day over a period of 5 months. The variations in results from 
batch to batch were negligible compared to the individual variations Avithin 
batches. At least 97 per cent of the total variation remains if batch differences 
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arc entiiely chimnatcd Since the compansons on the basis of age and se\ 
veic made vithin batches, thej aic not dependent on any assumption of con 
stancj fiom batch to batch 


Tablf II Estuiatld Means, Standard Deviations, and Normal R\nge of Ciiounestepase 
Le\'els I or Aoe 40 



MEN 1 

WOMEN 

] IS 0 Cholinesterase* 

Mean 

0 760 ± 0 007 

0 750 ± 0 008 

Standard deviation 

0 081 ± 0 008 

0 082 ± 0 008 

Kuigc 

Upper limit 

0 95 

0 94 

Lower limit 

0 58 

0 56 

Plasma Cholinesterase* 

Mean 

0 953 ± 0 012 

0 817 ± 0 017 

Standard deviation 

0187 ± 0 019 

0 187 ± 0 019 

Range 

Upper limit 

139 

1 25 

Lower limit 

0 52 

0 38 


•Values expressed in A pH per hour per 0 02 ml red cells or plasmi 


6 Estimates —The estimated means and standaid deviations for plasma 
and BBC eliolmesteiaso in male and female donois aged 40 years are given 
in Table II 



03 04 03 06 07 08 09 10 11 12 13 14 IS 16 

is pH/HOUR 

Fig 1—Cuive showing distribution of plasma cholinesterase in 800 healthy blood donors 
(400 women and 400 men) 

7 Linnfs of Normality —^Assuming that oni blood donors are a sample of 
noimal healthy persons and that cholinesterase levels follow the normal dis 
tiibiition, ve can establish limits of normality of cholinesterase levels Table 
II shows the normal range of R B C and plasma cholinesterase levels accord 
mg to sex in the donors aged 40, as calculated from our data Ninety eight 
pei cent of the levels found in each gioup aie estimated to fall between the 
limits shovn, with 1 pei cent belo'w the lo\\ei limit and 1 per cent above the 
upper limit Since the plasma but not the R B C level vanes slightly with 
age, the values for plasma cholinesterase m men should be increased about 
0 02 per decade above 40 and decreased about 0 02 per decade below 40, in 
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women the rate of increase is 0.04 per decade. Figs. 1 and 2 show the distri¬ 
bution of plasma cholinesterase and of red blood ceil cholinesterase in the 
800 “healthy” blood donors in the present series. 



Fig. 2.—Curve showing distribution of red ceil cliolinc^terase in 800 “healthy" blood donors 

(400 women and 400 men). 

DISCUSSION 

The earlier investigations are difficult to evaluate because of differences 
in methods for determining cholinesterase levels, in criteria of normalcy, and 
in selection of subjects. In many cases the groups tested were comprised 
largely of men, and little effort was made to obtain a wide age spread. In 
some of these studies cholinesterase levels were determined on serum rather 
than plasma; however, since the esterase activities of the two are identical, 
the data are comparable. Despite these differences, comparison of our results 
with those previously reported seems pertinent. 

1. Results of Other Authors .—^^^orhaus and Kark^® determined the serum 
cholinesterase in 120 healthy individuals and found that the range of activity 
was 0.58 A pH per hour to 1,37 A pH per hour, with a mean of 0.94 and a 
standard deviation of 0.16. They concluded that differences in enzyme ac¬ 
tivity did not correlate with age, weight, sex, height, or surface area and 
that, although the cholinesterase activity varied widely from one healthy 
individual to the next, the level was “remarkiibly constant for each healthy, 
well-fed individual from daj' to day and from month to month.” 

Fremont-Smith, Yolwiler, and Wood^" found a mean serum cholinesterase 
activity of 0.95 A pH per hour, with a standard deviation of 0.24, in 20 normal 
men, whereas in 20 normal women the mean was 0.78, with a standard devia¬ 
tion of‘0.12. 

AYolfsie and Winter,’® using a microadaptation of Michel’s potentiometrie 
method, tested 255 healthy male subjects and found the range for plasma 
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cholincsteiasG was 0 408 to 1652 A pH pci houi, with a mean of 0 912 and a 
standard dcMation of 0112 The lange foi R B C cholinesterase was 0 554 to 
1 252, wnth a mean of 0 861 and a standaid dc^ lation of 0 091 A pH per hour 
Sealer,” in a stud} of 67 men and women, repoited a mean plasma ac 
tnity of 0 92 A pH pei houi, with a standaid deMation of 020, and a mean 
RBC actiMt} of 0773, with a standaid dcMation of 009 He stated, how- 
e^e^, that 40 of these subjects had been minimally evposed to organic phos 
phate compounds 

Callaway, DaMcs, and Rutland,*® using the ^Valbu^g technique, studied a 
group of 247 health} adults, 66 of whom wcic women The} concluded that 
“sex, age, occupation, and season are without ehect upon the lo\cl of plasma 
cnzMiie But, in the case of the led cell enzMne, a gioup of scnicemen weie 
found to ha^e a significantly highei mean Ic\cl than a male cmlian popula 
tion of comparable ago It is conconablc that this ma} be due to the actue 
outdoor life led b} all of the fiist gioiip, togethei with a high general level 
of phjsical fitness ” 

Reinhold, Toungii} and Vonan,* using a photometuc indicator method, 
found that the seiuni choliiiesteiasc actnit} was highci in normal men than 
in women Using a titiation method, Kaufman” made the same obsei^ation 
2 Companson of Our Results Wtfh Those of Other Authors —The results 
of Fiemont Smith, Volwilei, and 'Wood'® are in close agreement wnth our find¬ 
ings, although they did not moasiuc RBC cholinestciasc 

The conclusion of Callawaj et al ” that age has no significant effect on 
the RBC chohnesteiase lei el in eithei sex agioes with our findings Their 
statement that sox and age haie no effect on the lc\el of plasma enzyme is 
contiary to oui lesults The lattci conclusion may be c\plained by the fact 
that they tested a smallei numbci of subjects and appaiently examined age 
dependence by giaphic anahsis alone, which could not be expected to detect 
the small incieasc with age found in our gioup Then results also showed 
a somewhat higher mean cholinestciasc lc\cl in men (1 87 per cent for RBC 
and 2 6 pei cent foi plasma) than in women 

Oui conclusion that plasma cholinesterase le\els aie con elated with sex 
and to a small extent with age are at variance wuth those of Vorhaus and 
Kaik” A detailed comparison cannot be made since these authors did not 
gi\o the age lange and sex distribution in their gioup Their mean of 0 94 
for senim cholinesterase is similar to our mean of 0 95 for men aged 40 

Our plasma cholinesterase values are somewhat higher and RBC values 
somewhat lower than those icported bj AVoltsm and Winter” Again, since 
the} did not gi\e the age lange of then subjects, wo cannot make an accurate 
companson of plasma -values in the two studies The higher RBC levels 
found b} these authors might be explained by the possibility that, since tho} 
did not w ash the red cells, some plasma may ha\ c contaminated the assay 
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su:m]mary 

R.B.C. and plasma cholinesterase levels were determined in 800 normal, 
“healtlij^” blood-bank donors (400 men and 400 women), ranging from 18 to 
60 years of age. The subjects were divided into groups according to age by 
year. Each group was limited to 12 individuals or less of the same sex. Blood 
samples were analj^zed by the Michel potentiometric method in batches of not 
more than 40 a day over a 5-month period. The values from batch to batch 
were relatively constant. 

Analysis of the data showed: (1) no relationship beBveen R.B.C. and 
plasma cholinesterase levels; (2) a small increase in plasma cholinesterase 
with age; (3) no effect of age on the R.B.C. cholinesterase level; and (4) the 
levels of both plasma and R.B.C. cholinesterase were higher in men than in 
women; the difference in R.B.C. levels was not significant. 

Normal cholinesterase values established by this method were as follows: 


E.B.G. cholinesterase 


Eange (A pH per hour) 

Mean (A pH per hour) 

Men 

0.58-0.95 

0.766 

Women 

0.56-0.94 

0.750 

(for age 40) 


0.52-1.39 

0.953 

Women 

0.38-1.25 

0.817 


The plasma values increase slightly with age. 
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THE EFFECTS OF CORTISONE ON THE GALACTOSE TOLERANCE 

TESTS OF NORMAL MEN 

Solomon Papper, M.D., Lawrence Saxon, M.D.,*" and Helen C. Alpert, A.B. 

Boston, Mass. 

P REVIOUSLY we reported the effects of a single oral dose of 200 mg. of 
cortisone acetate upon intravenous fructose and glucose tolerance tests in 
normal men.^ It was observed that cortisone resulted in impaired glucose 
tolerance but did not affect the fructose tolerance test in the same subjects. 

The present study was designed primarily to determine if galactose tolerance 
is altered by a single large dose of cortisone. In addition, it was hoped that more 
information might be obtained concerning the site of cortisone action in inter¬ 
mediary metabolism in view of the fact that galactose enters the Emhden-Meyer- 
hof scheme at a level different from either fructose or glucose (Fig. 1). 

METHODS 

An intravenous galactose tolerance test was performed on two separate occasions in 
each of the 11 normal men receiving a regular hospital diet containing at least 250 Gm. of 
carbohydrate and 3,000 calories daily. In the first instance, the galactose was administered 
■without antecedent cortisone; a few days later, the galactose was given 4 hours after 
the oral ingestion of 200 mg. of cortisone acetate. Immediately after an initial sample 
of venous blood had been obtained, the galactose was given intravenously over a 4-minute 
interval as a 50 per cent solution in an amount calculated to provide 0.5 6m. galactose 
per kilogram of body weight. Venous blood was obtained every 15 minutes for 90 minutes 
after the injection and a final blood sample was drawn at 120 minutes. The experiments 
were begun at 8 a.m. with the subject fasting and recumbent throughout the study. Approxi¬ 
mately 10 hours before each test each subject received 50 Gm. of glucose orally as a supple¬ 
ment to his regular diet. 

Blood galactose was determined as follows. A 2 ml. sample of whole oxalated blood was 
shaken for 30 minutes at room temperature -with 10 ml. of 12 per cent washed baker’s yeast. 
Beproteinization was accomplished by the addition of zinc sulfate and barium hydroxide. 
Two milliliters of copper reagent were added to aliquots (0.5 to 2.0 ml.) of the blood filtrate 
and the tubes placed in a bath of boiling water for twenty minutes.z The blood obtained 
prior to galactose administration was similarly treated to provide a “blank” value. The deter¬ 
mination was completed by the Nelson procedure.^ Total blood hexose was determined by the 
same procedure, allowing twenty minutes for the copper reduction with omission of the 
yeast fermentation.z Galactose and glucose standards were similarly treated. The calculation 
of blood glucose concentration was taken as the difference between total hexose and galactose 
concentrations, making appropriate allowance for the different reducing poners of the two 
sugars as determined by their simultaneous measurement using standard solutions. 

Urine was collected from the beginning of the infusion period to the end of the study 
and its sugar content determined by the semiquantitative method of Somogyi.^ 
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Received for publication Jan. 28, 1957. 
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RESULTS 

1. The galactose tolerance tests in the eleven subjects, with and witliout 
antecedent cortisone administration, arc listed in Table I and the mean cnr\cs 
depicted in Fig. 2. AVith the exception of the 45-miniite blood sample, there is 


Galactose 

Glucose 


—^Gal-l-PO^ - > 

elucoklnase ^ 

^glucose>6-phosphatase 


Fructose 



Glycogen 

Glucose-l-PO^ 

I 

Clucose-6-P04 

t 

Fructose-6-P04 

t 

Fructose-1,6 -POa 
P hosphoglyceraldehyde 


Flff 2 —Dlagramniatical representation ot the site of entry of gralnctose, grlucose, and 
fructose into the hepatic trlycoljtic cycle "Intcrxcnlng reactions m the conversion of 
gnlactose-l-rOr to glucose-i-POi are omitted. 



MtNU'TCS 

Fig:. 2.—The effects of single oral dose cortisone administration on the mean galactose 
tolerance tests and associated blood glucose values in normal men The time m minutes 
after "O” refers to the time from the end of the infusion period 


no statistically significant difference in the blood galactose levels of the control 
experiments and those following cortisone administration (i e., according to the 
“t” test using paired comparisons P is gi’cater than 0.1). At 45 minutes after 
the end of the injection, the difference between mean blood galactose levels with 
and without antecedent cortisone administration has a P value of < 0.01 using 
the same statistical methods. However, when the rate of disappearance 
constant (K) of galactose from the blood stream was calculated by the equa¬ 
tion: IC = 2.3 (log Cl Cs) ^ which Ci and C 2 are the initial and final 
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concentration of galactose during the period beginning ti minutes and ending 
to minutes after the injection,® a similar statistical comparison in the interval 
between 15 and 45 minutes after infusion, with and without cortisone, revealed 
a P value greater than 0.05. 

It is thus apparent that cortisone administration does not lead to impaired 
galactose tolerance. 

2. The mean preinfusion blood glucose levels were significantly higher 
after cortisone than on the control day, and remained higher during the 
two hours following galactose administration (Table II, Pig. 2). 

3. In six subjects (Subjects 1, 2, 3, 5, 6, and 7) there was a decrease in 
blood glucose 30 minutes after the galactose was given on the control daj" 
(Table 11). In four instances (Subjects 1, 2, 3, and 6) this decrease from the 
fasting level exceeded 30 mg. per 100 ml. Pi^'^e of these six subjects also ex¬ 
hibited a decrease in blood glucose following galactose infusion on the day of 
cortisone administration. Following cortisone, the decline was less striking 
than on the control day in three instances (Subjects 1, 2, and 6), more apparent 
in one (Subject 7), and remained unaltered in one (Subject 3). Five subjects 
exhibited a rise in blood glucose after the control galactose infusion varying 
from 4 to 18 mg. per 100 ml. This rise was increased bj^ 14 mg. per 100 ml. or 
more in three subjects (Subject 8, 10, and 11) after cortisone administration 
and remained essentially unchanged in two (Subjects 4 and 9). 

4. The urinary excretion of sugar after galactose infusion was not influenced 
by cortisone administration (Table III). 


Table III. Urinary Hexose Excretion Following the Galactose Infusion 


SUBJECT 

1 CONTROL (cm.) 

1 CORTISONE (GM.) 

1 

6.3 

7.4 

2 

2.6 

4.7 

3 

5.2 

6.0 

4 

7.0 

6.1 

5 

4.2 

3.8 

G 

7.4 

8.5 

7 

5.0 

4.8 

8 

4.2 

4.3 

9 

5.6 

5.3 

10 

4.3 

4.2 

11 

4.7 

4.2 

Mean 

5.1 

5.4 


DISCUSSION 

The precise mechanisms by which cortisone administration results in im¬ 
pairment of glucose tolerance remains unclear. Both increased glueoneogenesis 
and decreased glucose utilization have been implicated.®'^^ Our previous observa¬ 
tions that cortisone altered glucose tolerance without affecting fructose tolerance 
suggested a site of action of the steroid in the metabolism of glucose. Since the 
pathways for glucose and fructose metabolism in the liver become identical at 
the triose level, cortisone must have, as one site of action, some reaction prior 
to the splitting of six carbon molecules into three carbon fragments in the 
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Numbers 

glj col}i,ic c) do Other possibilities such as a specific cortisone effect on alternate 
pathways of glucose metabolism (hc\ose monophospliate shunt) oi a selective 
cortisone effect on glucose disposal in the peripherj seemed less likclj explana 
tions 

Since galactose entcis the Embden j\[cj erhof scheme in the livci at a 
different level than cither glucose or fiuctose (Fig 1), the effects of cortisone on 
galactose tolciancc mav peimit fuithcr dcfimtion of the site of steroid action in 
mtermediaij metabolism Thus if galactose and glucose tolerance liad been im 
paiied without impaiiment of fructose toleianee, the icsults would have sug 
gested tint the steroid acted somewhere above the three caibon levels and below 
glucose 6 phosphate To be sure, such observation could also be evplained bv a 
coitisonc effect on two diffeient sets of loactions such as the eoiiveision of 
galactose to glucose 1 phosphate as well as the convcision of glucose to glucose 
6 phosphate by the glueokinasc icaction On the other hand, the obseivation 
that galactose toleianee was not impaired bv cortisone administration is cntiielv 
consistent with an adicnocoitical steroid affect on the glueokinasc reaction alone 
Levine and Goldstein” observed that coitisonc produced maiked lesistance to 
the effect of insulin on blood glucose in the intact animal, without inhibiting the 
action of insulin on galactose distribution aftci evisceration The authors sug 
gested that these divcigent icsults aic consistent with adicnocoitical inhibition 
of glueokinasc activitv 

The phjsiologic significance, if am, of the lowci mean 45 minute blood 
galactose value on the dav coitisone was given remains doubtful Hem Sekiila 
and Siedck^* icported a moie rapid disappearance of administered galactose from 
the blood aftci ACTII oi cortisone in association with increased galactosuria 
In their studies the coitisone was administered mtiamuseularly immediately 
aftei the galactose was given and data for individual evpeiiments are not 
piovided 

The decline in blood glucose aftei galactose administiation to normal sub 
jects lias been obseived before” It is also known that childien with con 
genital galactosemia often have hv^poglvccmia ” The fact that the tluce sub 
]ects with blood galactose levels over 200 mg per 100 ml experienced striking 
deci cases in blood glucose of more than 30 mg per 100 ml suggested the possi 
bilitv that a high blood galactose level miglit stimulate insulin action oi in 
ci cased hepatic uptake of glucose Such a concept is peihaps not nnieasonable 
in view of the stnictiual smiilanties of the glucose and galactose molecules, as 
emphasized by Lev^ne,*® who described a similar behavioi of the two hexoses 
m eviscerated animals in response to insulin administiation It is of interest, 
howevei, that Subject 9 who did not exhibit hj’pogljcomia when lus blood 
galactose level was 153 mg per 100 ml, did not undergo a deciease in his blood 
glucose level when on a subsequent occasion he received twice as much galactose 
and his blood galactose lev el exceeded 200 mg pei 100 ml 

CONCLUSIONS 

1 The effects of a single oral dose of 200 mg of cortisone acetate upon the 
intiavenous galactose tolerance tests weie studied in 11 normal subjects 
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2. Cortisone did not impair galactose tolerance. 

3. These observations are consistent with the hypothesis that the glucokinase 
reaction is a site of cortisone effect. This is not conclusively proved, nor is the 
possibility of other sites of action pi’eeluded. 

4. Intravenous administration of galactose may result in a decrease in the 
blood glucose level. This observation remains unexplained. 

Financial assistance for procurement of reprints was provided by tlio Gray Pharmaceuti¬ 
cal Company, Newton, Mass. 
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EFFECT or FRUCTOSE FEEDING ON GLUCOSE TOLERANCE IN j\[AN 
Theodore B Yvn Itallie, MD , and Kenneth II Shull, Ph D * 
Boston, !Mass 

With the Assistance op IMari B T^IcCann, MP II, and IIsiang Ju Lin, B A 

H ill, BaUei, and ChaiUoff^ ha^e reported that normal rats fed an adequate 
diet containing fiuctose as the sole carbohydrate display a loss of glucose 
tolerance Hill and associates aseiibed the diminished capacity of the fnictose 
fed lat to utilize glucose to an impaiimcnt of the liepatic glucokinaso s^stcm 
caused by piotracted fnictose feeding They found that the glucose toleiance 
curves in fnictose fed lats resembled those obsened in fasted rats, honeier, in 
fnictose fed rats the luei was the only tissue in which an altered metabolic 
pattern could be demonstrated in Mtro 

Subsequently, Hill and ChaiUoff^ dcmonstiatcd that dogs fed a diet for one 
week containing fructose as the sole carbohydiatc displayed an impairment of 
glucose toleiance similai to that obsexicd in the fructose fed rat Galactose 
feeding did not produce such an effect in the dog 

Craig, Miller, and Dniekei*® studied human subjects who hod consumed a 
diet containing fructose as the sole caibohydiatc for 3 days No alteration of 
tolerance to intia-\cnously oi oially administeied glucose -was observed after 
fiuctose feeding m those subjects, compared to a similar 3 day regimen m which 
glucose was the sole carbohydrate Their results suggested that, unlike the rat 
and the dog, Iner glucokmase actiMty in man was not decreased by a chronically 
lowered concentration of glucose in the portal \ein blood Van Itallie, Shull, 
and McCann^ reported similar findings in human subjects fed fructose diets 
for 5 day periods 

In \iew of the conflicting results obtained in expeiimental animals on the 
one hand, and human subjects on the other, it seemed desirable to explore 
fuithei the effect of fructose feeding on glucose tolerance in man In particular, 
it appeared essential to obtain information about the relative roles of the Inei 
and of the extiahepatic tissues in the disposal of ingested glucose after a period 
of fructose feeding This pioblem was approached by use of peripheral capillary 
^onous glucose differences as indexes of extrahepatic glucose assimilation 

The findings indicate that, in man, fiuctose feeding does not lead to any 
impaiiment of net glucose tolerance To the contrary, aftei ingestion of a 
fructose containing diet there seems to be a significant increase in the rate at 
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which peripheral tissues remove glucose from blood. Evidence obtained by 
indirect methods suggests that fructose feeding in man (as in the rat and the 
dog) may temporarily diminish the rate of glucose uptake by the liver. How¬ 
ever, this effect is masked in the conventional glucose tolerance test bj' the 
increased peripheral glucose uptake that seems to follow ingestion for 5 days 
of a diet in which fructose is the sole carbohydrate. 

PROCEDUEE 

1. Subjects. —Eleven graduate students without evidence of disordered carbohydrate 
metabolism served as subjects for 19 experiments. 

2. Experiments. —(a) In 5 subjects, glucose tolerance after ingestion of a self-selected 
diet containing at least 250 Gm. of carbohydrate per day for 3 days was compared with 
glucose tolerance after a 5-day period during which a diet was consumed that contained 
fructose as the sole carbohydrate, (b) In 4 subjects, glucose tolerance was determined after 
3 days of carbohydrate deprivation and compared with glucose tolerance after ingestion of 
a self-selected diet containing at least 250 6m. of carbohydrate per day. (c) In 6 subjects, 
combined glucose-epinephrine tolerance tests after fructose feeding were compared witli 
similar tests performed after a normal diet. Preparatory diets and procedures were the 
same as in 2, a. (d) In one subject, an oral fructose tolerance test was performed before 
and after he had remained on the fructose diet for 5 days. 

3. Diets .— 

Fructose diet; This diet furnished at least 250 6m. of fructose*' per day. Protein and 
fat were provided by meat and eggs. Sugar-cured meats were not used. The caloric intake 
was adequate to maintain body weight. The fructose was consumed as a dilute aqueous 
solution in small quantities evenly distributed throughout the day. 

Carlohydrate-free diet: This diet was identical with the “fructose diet” except that 
it contained virtually no carbohydrate (less than 1.0 Gm. per day). 

Formal, self-selected diet; This diet provided 250 Gm. or more of carbohydrate per 
day for at least 3 days before each carbohydrate tolerance test was performed,® 

4. Car'boliydrate Tolerance Tests. —All subjects were studied in the morning approxi¬ 
mately 14 hours after the previous meal. In experiments 2, a and 2, h, 100 Gm. of glucose 
dissolved in water was administered by mouth, and capillary' (finger tip) and antecubital 
(venous) blood sugar levels were measured at half-hour intervals for 2 hoars thereafter. 
Control blood sugar levels were also determined. (Capillary blood contains the same concen¬ 
tration of glucose as arterial blood.e) 

In experiment 2, c, 30 Gm. of glucose in aqueous solution was administered by mouth 
10 minutes after subcutaneous injection of 0.004 mg. of synthetic epinephrine per kilogram 
of body weight. Blood sugar samples were obtained immediately prior to epinephrine injec¬ 
tion and at 30, 45, 60, 75, and 90 minutes after ingestion of the glucose. 

In experiment 2, d, 50 Gm. of fructose in aqueous solution was administered by mouth, 
and blood fructose and glucose values and serum inorganic phosphate levels were determined 
at 30-minute intervals for 2 hours. 

5. Methods. —Glucose in whole blood was measured by the method of Somogyir as 
modified by Nelson.® Fructose was measured by the method of Roe.e Serum inorganic 
phosphate was measured by the method of Fiske and Subbarow.v* Venous and capillary 
blood samples were collected as previously described.u Relative assimilation indexes (R.A.I.) 
were calculated for each experiment in which capillary-venous glucose differences were 
measured, according to Somogyi’s formula .12 (Theoretic considerations underlying this type 
of calculation have been discussed by Hlad, Elrick, and Witten.!®) 

100 X 2(C-V) 

R.A.I. = -2(1)-^ 

•Kindly provided by Mead Johnson & Company, Evansviiie. Ind. 
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uhcre, 2(C V) = sum of c'lpilHry \cnous tlifterencos 

2(i) =: sum of tlic incroments jn c'ipill'ir\ blood glucose o\er tlic control level 

durjng the corresponding time interval 
Probabilities were estimated according to Student's test of “t">^ 

lUESUJTS 

The mean glucose toleiance curves (venous blood) m the normal subjects 
on (a) ‘‘normal,” (b) fructose containing, and (c) caibolndiate fice diets aic 
sho\\n in Tig 1 A sinking impairment m glucose tolcianee is e\ident in the 
subjects ■\\ho wzvq on a carbohjdiate free diet for 3 dajs When the mean 
glucose tolcianee after 5 dajs of fructose feeding is compared iMth the mean 
glucose toleiance after a rcgulai diet no such impairment is obseiied If anj 
thing, ahicosc toleianccs after fiuctose feeding aic shghth impioied as com 
pnicd iMth those after a legulai diet 



1—Effect of different diets on mean oral glucose tolerance (venous) of normal subjects 
\ ertlcal bars represent one standard error 

The relative (glucose) assimilation indexes (RAI) calculated for the 
noimal subjects on the 3 dietary schedules are given in Table I along with the 
induidual capillai’j and -Nenous blood sugar increments The mean relative 
assimilation index of 63 3 ± 12 5* after the fructose diet is significantly greater 
(p < 0 001) than the mean lelatne assimilation index of 36 4 ± 6 7 aftei the 
regular diet The mean relatnc assimilation index of 14 4 ± 10 3 after the 
caibohjdiate fiee diet is significantlj lower (p < 0 01) than that after the 
regular diet 
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Table I. Effect of Fructose Diet and Low-Carbohydrate Diet on Glucose Tolerance in 

Normal Subjects 


SUBJECT 


MINUTES AFTER 

ingestion of 100 CM. glucose 


RELATIVE 

ASSIMILATION 

30 

1 60 

1 _ 1 

120 

INDEX 


vt 

1 

vt 

1 c* 

vt 1 


vt 

(R.A.I.) 





After Fegular Diet 




T.B. 

90 

66 

20 

5 

34 

IS 

37 

25 

36.5 

G. A. 

59 

45 

48 

29 

25 

3 

31 

16 

42.9 

R. C. 

91 

79 

60 

41 

32 

IS 

46 

29 

25.3 

D.B. 

91 

S3 

68 

26 

27 

14 

28 

19 

32.2 

R. S. 

73 

48 

34 

18 

48 

33 

31 

10 

40.3 

J. G. 

90 

59 

89 

50 

63 

39 

42 

20 

41.1 






Mean and Standard Deviation 

36.4+6.7 




After Five Days on Fructose Diet 



T.R. 

66 

42 

46 

20 

21 

-3 

22 

-3 

62.5 

G. A. 

78 

53 

39 

13 

23 

-8 

1 

-25 

79.4 

R.C. 

71 

58 

57 

26 

34 

3 

22 

2 

51.0 

D. B. 

59 

35 

59 

41 

32 

11 

34 

3 

51.6 

R. S. 

8S 

60 

62 

28 

34 

8 

32 

14 

72.2 






Mean and Standard Deviation 

63.3 ± 12.5 



After Three Days on Loio-Carhohydrate Diet 



G. A. 

109 

SO 

106 

73 

91 

70 

78 

46 

30.4 

R. C. 

110 

98 

152 

138 

164 

151 

138 

123 

9.7 

D. B. 

122 

95 

87 

67 

65 

51 

39 

S3 

20.4 

J.G. 

105 

83 

159 

146 

167 

156 

137 

93 

16.7 






Mean and Standard Deviation 

14.4 +10.3 


•Capillary glucose Increments over control value, in milligrams per 100 ml. 
fVenous glucose Increments over control value, in milligrams per 100 ml. 


In Fig. 2 the effect of fructose feeding on the response of normal subjects 
to the combined epinephrine-glucose tolerance test is shoivn. It is apparent 
that after fructose feeding a marked impairment in tolerance to glucose occurred 
dui'ing the first 45 minutes after glucose ingestion. 

The individual capillary and venous blood sugar values for the same experi¬ 
ment are gii’en in Table II as well as the relative assimilation indexes calculated 
for each individual tolerance test. These data show that, although the mean 
capillarj^ and venous blood sugar values are much higher at the 30- and 45- 
minute intervals after fructose feeding than after the normal diet (p < 0.01 
and = 0.02), the associated mean relative assimilation indexes are not signifi¬ 
cantly different. 

To exclude the possibility that fructose feeding might have increased the 
liver glycogen content to a degree that the hyperglycemic response to epineph¬ 
rine was enhanced, the response of the blood sugar to epinephrine administra¬ 
tion was measured in three individuals before and after five days of fructose 
feeding. The mean hyperglycemic response after fructose feeding for these 
three subjects proved to be slightly lower after fructose feeding than it uas 
following ingestion of a regular diet (Table III). 

The effect of prolonged fructose feeding on the ability of the body to con¬ 
vert ingested fnictose rapidly to glucose Avas determined in one subject (Pig. 3). 
No change in fructose tolerance or in the blood glucose response to fructose 
administration was oliseiwed following consumption of the fructose-containing 
diet of 5 days. 
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MINUTES 

Fig 2—^Mcati hyperglycemic resiwnses (\enous) to oral glucose and subcutaneous 
epinephrine (glucose-eplnephrinc test) in normal subjects before and after fructose diet 
Vertical bars represent one standard error. 



MINUTES 

Fig 3 —Changes in blood fructose and glucose and serum inorganic phosphate m a 
normal subject following ingestion of 50 Gm. of fructose, before and after a 5*day period 
of fructose feeding 
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Table II. Effect of Fructose Feeding on Hyperglycemic Response to Gltjcose- 
Epinepurine Administration in Normal Subjects 


1 





1 

RELATIVE 


I minutes after ingestion op 30 gm. glucose I 

ASSIMILA¬ 

TION 

INPEX 


30 1 

45 

1 60 1 

75 

90 

SUBJECT 

C* Vf 1 

C** Yf 

! C* Yf 1 

c* vf 

c* vf j 

(R.A.I.) 


D. B. 

82 

69 

76 

After SegiiJar 
66 69 65 

Diet 

51 

44 

18 

15 

12.5 

L. B. 

9S 

87 

69 

57 

40 

30 

16 

11 

-6 

-6 

17.5 

R. C. 

SS 

86 

85 

79 

SO 

75 

63 

60 

46 

43 

5.2 

K. M. 

SI 

63 

94 

77 

S3 

61 

53 

23 

_ 

- 

27.3 

J. S. 

73 

73 

91 

85 

101 

94 

95 

101 

- 


3.6 

T. T.f 

S3 

79 

88 

90 

99 

100 

88 

86 

79 

73 

2.3 

D.B. 

100 

77 

?ilean and Standard Deidation 
After Five Bays on Fructose Diet 

92 73 80 68 64 47 47 37 

11.4 ± 9, 

21.1 

L.B. 

146 

122 

96 

65 

27 

6 

3 

-S 

-13 

-19 

35.9 

R. C. 

131 

111 

115 

101 

101 

84 

64 

52 

27 

21 

15.8 

K. M. 

125 

105 

137 

123 

118 

95 

- 

- 

- 


9.7 

J. S. 

124 

US 

140 

135 

125 

IIS 

102 

94 


- 

5.3 

T. T.t 

102 

98 

136 

126 

126 

100 

- 

- 

- 

- 

11.0 


Meau and Standard Deviation 16.5 ± 12.S 


•Capillary glucose increments over control value, in milligrams per 100 ml. 
tVenous glucose increments over control value, in milligrams per 100 ml. 
tSubject took 75 Gm. glucose by mouth. 


Table III. Mean Rise in Capillary and Venous Blood Glucose After Injection of 
Epinephrine in Three Normal Subjects Before and After Fructose Feeding 



1 MINTJTES 


30 

1 45 1 

1 60 


75 : 

1 90 

DIET 1 

1 c» 

vf 1 

' c* 

vf i 

1 C* vf 

C* 

vf 1 

1 c* 

vf 

Normal 

22 

19 

27 

25 

23 29 

IS 

19 

14 

14 

Fi-uctose 

19 

20 

20 

22 

16 18 

16 

12 

9 

8 


•Capillarj’ glucose increments over control value, in milligrams per 100 ml. 
tVenous glucose increments over control value, in milligrams per 100 ml. 


DISCUSSION 

The data clearly indicate that net tolerance to glncose after 5 days of 
fructose feeding is not impaired in normal subjects. This is in distinct contra.st 
to results in the rat^ and in the dog.= In hotli of these species marked impair¬ 
ment of glucose tolerance has been observed after periods of fructose feeding 
lasting 3 and 7 days, respectively. 

■When glucose tolerance after fructose feeding is considered in terms of 
antecubital capillary-venous glucose differences, it becomes apparent that, 
following fimctose feeding, there is an increased uptake of glucose in the fore¬ 
arm as compared with foi'earm capillary-venous differences measured during 
control glucose tolerance studies. The mean relative assimilation index after 
the fructose diet is significantly greater than that after a normal diet adequate 
in unrefined carbohydrate. Prom these observations it is inferred that fructose 
feeding, in the subjects studied, enhanced the rate at which the peripheral 
tissues removed glncose from the blood. 
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The enhancing effect of fnictose fcecimg on penplicial glucose uptake nas 
unexpeeted in new of the findings of IIilI and associates in animals, ncieithc 
less, the results aie too stiiking to ignoic The mechanism of this effect of 
fnictose feeding leinains unexplained 

Net glucose tolerance after fnictose feeding iminoied to a lessei degree 
than might haxe been piediotcd on the basis of the inaikcdh incieascd lelatiie 
assimilation indexes mcasiiicd following the fnictose diet” This discrepancy 
suggested that the fnictose feeding might liaic had an effect on the livci that 
was obscured bj the increased rate of uptake in the penphcral tissues 

To test this possibilitj, a modified oial glucose tolerance test iniohing 
ingestion of a small quantitj of glucose in eombination with siihciitancoush 
administered epinephiine was employed The cpinephnne was giien hecaiise 
of Its inhihitor^' effect on penplicial glucose uptake^* It was hoped 

that by reduoing the part plajed hv the cxtiahcpatic tissues in dctei mining the 
rate of glucose lemoial fiom the blood, a possible effect of fnictose feeding on 
In Cl uptake of glucose w oiild be disclosed 

■When the epinephrine glucose tolciance test was done befote and after the 
5 daj fnictose regimen, a higlilj significant decicase in glucose tolerance was 
obsen ed follow ing the fructose diet This decreased tolei ance w ns not associated 
with a decreased relatne assimilation index, in contrast to the lelatno assimila 
tion indexes following carbohjdiate dcpination Since fructose is Icnown to 
bo leadily comerted to gljcogen in the Inci,” the possibilitj was eonsideied 
that the decreased glucose tolerance aftci fnictose feeding when the glucose 
epinephiine tolerance tests were done was due mciclj to an enhanced lijipoi 
gljcemie icsponse to the epinephrine Howeiei, when the Inpeigljeemie le 
sponses to epinephrine alone before and aftei fnictose feeding weic compared, 
they did not differ (Table III) 

It IS diffleult to undeistand whj changes in not glucose tolerance after 
fructose feeding of the kind reported for the lat and the dog liaie not been 
demonstrable in liiunan subjects The proportion of In ei w eight to total bodi 
w eight IS approximatelj the same in all thiee species, hence, it does not seem 
possible to account for the obseried diffeicnces bj icference to relatne liver 
size It IS recognized that rat, dog, and man differ somew hat in then character 
istics of carbohydrate metabolism, howeier, not enough is known about the 
lelatne roles of Inei and extiahepatic tissues in glucose disposal in the three 
species to explain win man should fail to show the same impairment of oier all 
glucose toleiance after a fnictose diet as the lat and the dog 

It IS assumed that ingestion of single doses of fiuctose is not associated 
with appreciable changes in blood glucose in nondiabetic indn idiials How ei er, 
the suggestion has been made that prolonged fnictose feeding is associated with 
an increased abilitj of the body to com ert fructose to glucose so that the feeding 
of fructose wall be associated in due couise with considerable rises in blood 
glucose *“ Accordingl}', the effect of 5 days of fructose feeding on the blood 
glucose response to a large quantitj of ingested fnictose was determined No 
changes in the blood fructose and glucose curves after ingestion of 50 Gm of 
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fructose took place as a result of the 5-day fructose diet. In both instances, 
the blood glucose level rose slightlj' at first and then fell below postabsorptive 
values following fructose ingestion. Similar responses of blood glucose to 
fructose administration have been reported b 3 ' Miller and associates^® and bj' 
Pletseher, Fahrlander, and Staub.^® 

The impaired glucose tolerance curves and decreased relative assimilation 
indexes associated with carbohj'drate deprivation are consistent with the find¬ 
ings of other investigators suggesting that the “Hofmeister” effect is due 
principally to inhibition of glucose uptake in the periphery.®^ It should be 
pointed out that while fructose feeding and carbohydrate restriction both might 
be expected to reduce insulin requirements materially, fructose feeding in ade¬ 
quate amounts would not be associated with anj' deficiency of liver glj^cogen.^" 
In contrast, acute carbohj^drate deprivation leads to pronounced diminution 
of hepatic glycogen stores.®^ Thus, it maj' be that hepatic glj'cogen depletion 
is the sine qua non of stanmtion diabetes. If this difference in liver glj'cogen 
status is kept in mind, it is not surprising that the effect of fructose feeding on 
carbohydrate tolerance is entirelj’^ different from that of carbohydrate restric¬ 
tion. If anjffhing, fructose feeding is associated with an increased rather than 
a decreased rate of glucose uptake in the extrahepatic area, 

SUMIIAKY 

The effect on glucose tolerance of an adequate diet containing fructose as 
the sole carbohydrate was determined in a series of normal subjects. Informa¬ 
tion about the relative roles of liver and extrahepatic tissues in the disposal of 
ingested glucose after a period of fructose feeding was obtained bj' use of 
peripheral capillary-venous glucose differences as indexes of rate of extraction 
of glucose by forearm tissues. 

Although over-all glucose tolerance and rate of uptake of glucose by the 
'foream tissues were markedly diminished following ingestion of a carbohjMrate- 
ifi'e diet for 3 daj's, the 5-day fructose diet did not induce any impairment of 
neU tolerance to glucose or in rate of peripheral glucose uptake. Indeed, the 
rate of peripheral glucose removal was significantly increased following inges¬ 
tion of the fructose diet. 

The effect of fructose feeding upon glucose tolerance was also determined 
in subjects who had been given a small quantity of epinephrine subcutaneous^ 
just prior to the glucose tolerance tests, in an attempt to reduce the influence of 
the extrahepatic tissues upon rate of glucose removal from the blood. When 
epinephrine-glucose tolerance tests before and after the 5-day fructose regimen 
were compared, a significant decrease in net glucose tolerance was observed 
following the fructose diet. The decreased tolerance was not associated with a 
decreased rate of peripheral glucose assimilation, as measured by capillary- 
venous glucose differences, and this result suggested that fructose feeding maj’ 
have impaired temporarily the ability of the liver to remove glucose from the 
circulation. Hj’perglj'cemic responses to epinephrine alone measured before 
and after comparable periods of fructose feeding did not differ significantlj'. 
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It IS concluded that tho iinpaned glucose tolciance associated with cailio 
Indiatc depination is due piincipalh to a dccicascd uptake oi glucose in the 
cxtiahcpatic tissues, and that the cfloct oi liuctosc feeding on glucose tolciance 
IS cntiiclj dilTcrent fioni that of caiholndiatc icstiiction 
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THE ACUTE RESPIRATORY EFFECTS OP CHLORPROMAZINE 

IN MAN 

Attilio D Reinzetti, Jk , M D , and William R Padget, M D. 
Syracuse, N. Y. 

C HLORPROMAZINE is being vised extensively in the practice of medicine 
and psychiatry and as a preanesthetic medication. Because of this wide¬ 
spread use, it seemed desirable to have a quantitative estimation of the i espira- 
tory action of this drug in man and theieby an evaluation of one of its po¬ 
tential dangers Dobkin and his associates,^ from a study of both anesthe¬ 
tized and unanesthetized subjects, concluded that chlorpromazine caused cen¬ 
tral depression of respiration Using a closed circuit apparatus, such as those 
in common use for the estimation of basal metabolism late, these authors found 
that after intravenous administration of tlie diug the tidal volume was con¬ 
sistently decreased, but arterial blood O 2 and CO 2 contents were unchanged 
Since a CO 2 absorber was in the system, no measurement of CO 2 output was 
made Tenney^ has emphasized that for accurate interpretation of drug ef¬ 
fects on the respiratory mechanisms, a measure of alveolar ventilation, ar¬ 
terial C 02 tension, and C 02 output must be av^ailable. 

The purpose of this communication is to report the effects observed in 
normal individuals and emphysematous patients after the administration of 
chlorpromazine. 

SUBJECTS FOR STUDY 

The age, physical characteristics, ami diagnosis of each of the patients studied are 
recorded m Table I Subjects 1 through 7 were patients admitted for a scheduled surgical 
procedure and by history, phj sieal examination, and chest x rav were found to be normal 
except for the defect listed under diagnosis These individuals are referred to below as 
normals. Subjects 8 and 9 had both had previous clinical and phjsiologic studj with 
findings characteristic of chronic pulmonarj emphjsema Subject S had reeentlj re 
covered from right heart failure and CO- narcosis 


Table I Physical Characteristics and Diagnosis of Patients Given Chlorpromazine 


PATIENT 

AGE 
(YR ) 

height 
(CM ) 

AVEIGHT 
(KG ) 

BSA 

(SQ METER) 

DIAGNOSIS 

1 

K B 

33 

178 

80 

1 98 

V^entral hernia 

2 

L P 

32 

170 

76 

1 86 

Pilonidal sinus 

3 

C J 

45 

176 

66 

1 SO 

V^'ancose veins 

4 

H H. 

30 

178 

74 

1 92 

Varicose veins 

5 

P K 

49 

174 

77 

1 92 

Hemorrhoids 

6 

B P 

37 

173 

73 

186 

Inguinal hernia 

7 

A P 

32 

179 

79 

198 

Pilonidal sinus 

8 

L G 

59 

163 

62 

168 

sema 

9 

L D 

65 

166 

68 

1 76 

Emphysema 
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METHODS 

Each patient was brought to tho laboratory after an overnight fast and all observa 
tions wore made while the indiMdual was in a comfortable supine position An indwelling 
arterial needle was placed in tho brachial artcn and compressed air or 5 per cent CO* 
in air was administered through an open circuit using an anesthesia bag, mouthpiece, and 
a aaUe with a dead space of approtimatelv 60 ml Expired air was collected and meas 
ured in a Tissot spirometer For eacli experiment, expired gas was collected for 3 min 
utes and arterial blood was sampled anncrobicallv during the middle minute The com 
position of inspired and expired gas was analyzed on the Scholander gas analyzers The 
Oi content and capacity and COj content of tho blood were determined bv the method of 
Von Slyke and I'Teill ^ Tho Oj and CO, tensions were measured by the technique of Riley, 
Proemmel, and Pranho 5 In Subjects 3, 8, aud 9, the CO, tensions recorded are those ob 
tamed by use of the Van Sly he and Sendroy charts® after whole blood pH had been deter 
mined on a Cambridge research model pH meter Pi%e per cent CO in air was inspired 
prior to tho 3 minute obscr\ation period for 12 minutes by Subjects 5 and 6, and for 25 
minutes by Subjects 8 and 9 Blood pressure was measured by a sphygmomanometer 

Volumes of \entilation wore corrected to body temperature and pressure saturated 
with water vapor (BTPS), wliereas quantities of gas exchanged are reported at zero de 
grees centigrade, 760 mm Hg pressure and dry (STPE) The respiratory dead space was 
calculated by use of the Bohr equation, utilizing the assumption that arterial iS equal to 
aheolar CO, tension Alveolar ventilation was then calculated according to the formula 
alveolar ventilation = minute volume expired - (percentage dead space x minute volume 
expired) 

The chlorpromnzme used in these studies was Thorazine, 25 mg per cubic centimeter 
and the total dose administered was 25 mg intravenously or 50 mg intramuscularly 
When the intravenous route vas used, tho injection period wa" 5 minutes 

RESULTS 

The intiavenous injection of chloipiomazine avns followed in 15 to 80 
minutes by a diottsy oi sleeping state from ■which the patients could easily be 
aroused Only mild diowsmess ocemred in one (Patient 8) vho received the 
drug intiamuseulaily The results of measuicmonts of ventilation, arterial 
blood gas composition, pulmonary gas exchange, blood pressure, and pulse 
are summarized in Tables II and IH 

A Veniilafojij Effects —^Tollowing the intravenous administration of 0 32 
to 0 38 mg pel kilogiam of chlorpromazine to 6 normal individuals (Subjects 
1 to 6), there occuired only small dcci cases in total minute ventilation in 5 
and in a\eiage tidal xolume in 4 Respiiatory frequency also showed small 
and vanable changes except in Patient 2 whose rate decreased markedly 
Howevei, it may be seen from the representative lespiratory tracings repro¬ 
duced in Pigs 1 and 2 that in egulanties of rhythm and tidal volume occurred 
These tracings are a record of the mannei m which the Tissot spirometer was 
filled With expiied air during the 3 minute peiiods Since spirometer volume 
was constant m inspiration, no record of the ventilatoiy pattern for this phase 
of respiration is shown Also, since the papei speed is slow, the record gives 
only a gioss measure of the rate of air flow during expiration Nevertheless, 
the geneial pattern obseiied was one of legular shallow bieaths with inter¬ 
mittent deep sighing ones This abnormality of i entilatory pattern led to an 
incieasc in physiologic dead space in all of these individuals and hence all 
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Fig. 1.—Spirometer tracing of respiratory excursions (Subject 2, L.R.). A and B = 
control. C = 20 minutes, D = 40 minutes, E = 60 minutes after I.V. chlorpromazine. Time 
= 1 minute between each vertical line. Inspiration = exactly horizontal since the spirometer 
volume is constant. Expiration = all lines with vertical component. 

jFi'^. 2 .-— Spirometer tracing of respirator^' excursions. A, B, and C — control, ID and 
20 minutes respectively, after I.V. chlorpromazine for Subject S (C.J.). D = inhalation of 
5 per cent CO: 62 minutes after I.V. chlorpromazine for Subject 6 (B.P.). See legend to 
Fig. 1. 
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showed a dccieasc in fihcolai ■\cntilatioii These eiTccts ■were at then ma\i 
mum bet^\ccn 15 and 30 inimitcs aftei injection of the ding but ■\\eie still 
piesent at the end of GO minutes TIicj did not occur after a 0 63 mg per 
kilogiam dose gn on intianiusculailj in a noimal iiuln idual 

B Effects on Blood Gas Composition and Pnhnonanj Gas Exchange —■ 
Chlorproma7inc gnen intia\enousl> icsulted in an ele\'ition of aiteiial car 
bon diovide tension of G mm oi moic m 4 indiMduals (Subjects 2 thiough 5) 


Table III Effeci of CiiLonroMAZiNE on RrspiPVTor\ Devd Space, Alveol^vr Ventilation, 
Blood Ppessui e vnd Pulse 


PATIENT 

TIME 
(MIN ) 

INSPirEDC\S 

V„/Vt 

(%) 

Va I 

(L/MIN) 1 

B P 

(MM HG) 1 

PULSE 



A Normal Individuals 



1KB 

-6* 

Air 

46 

5 03 

94/58 

60 


0 

0 32 mg per kilogram clilorpromazino intra\cnoush 



+15 

Air 

SO 

3 40 

98/54 

80 


+45 

Air 

55 

3 46 

90/50 

70 

2 L E 

-G* 

Air 

48 

377 

100/60 

72 


0 

0 33 mg per I tlogram chlorpromazine intravenou«l\ 



+20 

Air 

55 

2 66 

100/60 

76 


+40 

Air 

56 

2 98 

100/60 

SO 


+00 

Air 

53 

3 22 

80/40 

72 

3 C J 

-C 

Air 

40 

514 

132/70 

84 


0 

0 33 mg per kilogram chlorpromazmc intrarcnouslv 



+10 

Air 

46 

4 55 

120/70 

100 


+20 

Air 

63 

2 56 

8C/f 

100 

4 H II 

G* 

Air 

45 

5 32 

100/60 

68 


0 

0 34 mg per kilogram clilorpromazinc intravenoush 



+15 

Air 

53 

5 01 

100/64 

80 


+30 

Air 

57 

4 42 

100/60 

80 

0 P R 

-6* 

Air 

36 

4 19 

124/63 

76 


0 

0 33 mg per kilogram cldorpromazme intravcnou‘<l;y 



+11 

Air 

42 

3 63 

96/60 

98 


+18 

Air 

58 

2 99 

75/56 

60 


+53 

5% COj in air 

77 

4 97 

100/60 

90 

6 B P 

-G* 

Air 

30 

6 40 

114/64 

70 


0 

0 35 mg per kilogram cldorpromazme intravenoush 



+10t 

Air 

37 

5 84 

108/60 

80 


+30 

Air 

33 

5 04 

90/0 

80 


+60 

5% CO, m air 

47 

10 7 

120/60 

80 

7 A P 

-6* 

Air 

45 

4 20 

122/70 

no 


0 

0 03 mg per kilogram chlorpromazine intramuscularly 



+30 

Air 

34 

5 14 

122/70 

no 


+60 

Air 

35 

513 

112/68 

no 



B Patients With Emphysema 



8 L G 

-44* 

Air 

73 

2 24 

130/80 

80 


-3 

5% CO, in air 

66 

3 87 




0 

0 8 mg per kilogram chlorpromazine intramuscularly 



+21 

Air 

70 

2 33 

130/80 

80 


+4G 

5% CO, m air 

72 

3 57 



OLD 

-14* 

Air 

61 

3 58 

130/80 

80 


-3 

0 % CO, m HI 

54 

5 73 




0 

0 G9 mg per kilogram chlorpromazine i 

ntramuscularh 



+60 

Air 

56 

3 15 

130/80 

80 


+85 

5% CO, in air 

50 

6 81 




•Indicates tno control studies 
tSee footnote to Table II 

Key to abbreviations Vd — physiological dead space Vt = Tidal \olunie xx =: 
Alveolar Ventilation BP = Blood Pressure 
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its respiratory action is also a central depression. The type of respiration ob¬ 
served here was like that described by Hoif and Breckenridge® as one of the 
basic medullary rhythms which appears when the medulla and lower pons are 
released from suppressor impiilses ai-ising in the upper brain stem or cortex 
by decerebration or bj^ narcotics and sleei>. According to these authors, the 
medullary respiratory center has an intrinsic autorhythmieity which is modi¬ 
fied by facilitatory and suppressor influences from numerous central and 
peripheral sources. The inhalation of 5 per cent CO. after chlorpromazine 
depression reesulted in a restoration of a regular rhjdhm and a normal in¬ 
crease in tidal volume yet the total ventilatory response was reduced. It thus 
seems possible that the drug has a depressant action upon the medullary 
respiratory center as well as more rostral areas of the brain. 

Although the magnitude of the changes in blood gas tensions and con¬ 
tents were not great following the use of chlorpromazine, it should be pointed 
out that the techniques used in this study tend to obscure the greater devia¬ 
tions from normal that probabl 3 ^ occurred. Since arterial blood was sampled 
during a one-minute period, the 0. and CO. contents foimd represent a physio¬ 
logic a-^'erage of the net effects of many respiratory and cardiac cycles. In 
like manner, the values for alveolar ventilation, being derived from the 
respiratory volume and frequency of a 3-minute period, are also averages. 
Riley and Cournand^® have pointed out that variations in the partial pressure 
of O 2 and CO. in alveolar gas and alveolar capillary blood from moment to 
moment must occur and that such variations during the respiratory cycle are 
likelj' to have an appreciable effect upon the physiologic dead space and 
venous admixture, particularly when the breathing is irregular. Although 
the calculated net effect of chlorpromazine was a reduction in ahmolar ventila¬ 
tion, it seems likely in view of the irregularity of ventilatorj’^ depth that varia¬ 
tions in ventilation-perfusion ratios with respect to time occurred and con¬ 
tributed to the gas exchange defects. 

From the standpoint of therapeutic usage, these respiratory effects of 
chlorpromazine and the occurrence of shock in one patient emphasize the po¬ 
tential hazard of the intravenous route of administration. In addition, caution 
and close observation would seem to be advisable when this drug is admin¬ 
istered by any route to patients who are to receive further central nervous 
system depressants or to individuals whose respirator 3 ^ center is already de¬ 
pressed, such as patients udth chronic pulmonary emph 3 "sema and CO 2 re¬ 
tention. 

Diminished 0. consumption folloudng the use of chlorpromazine has been 
observed previously, both in vitro and in vivo, in animals and in man.” The 
mechanism of this action has not been elucidated. 

SUlIJt.VKY AND CONCLUSIONS 

The acute effects of chlorpromazine on ventilation, blood gas composition, 
and pulmonary gas exchange have been measured in 7 normal subjects and 2 
patients with clironic pulmonar}- empfij-sema and CO® retention. The results 
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demonstiatcd ■were an lutgulautj of ilnthiii and amplitude of \cntilation, al¬ 
veolar hj povcntilation, a dccieasc m 0^ uptake and CO- output and a di- 
mmished sonsiti\ity of the respiiatoi 3 mechanism to CO- inhalation These 
obsci\ations indicate that chloipiomazmc has a icspiiatoij depressant action 

0 Tvisli to thank Mr John E Potrafka and Mrs Sandra C Penttila for their tech 
meal assistance 
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THE INFLUENCE OP STREPTOCOCCAL TOXIN ON THE COURSE 
OP CANINE EXPERIMENTAL NEPHROSIS 

Khalil G 'Wakiji, jM.D and Bernard P. McKenzie, M S 
Rochester, Minn. 

I N A previous communication we reported on the production of experimental 
nephrosis in dogs by intravenous administration of serum from rabbits 
sensitized to dog kidney.^ The renal disease so produced was characterized 
by hypoproteinemia, with reduction of serum albumin, alpha-1 globulin and 
gamma globulin, and increase in alpha-2 and beta globulin Hyperlipemia, 
elevation of blood urea, proteinuria, and some signs of fluid retention were 
among the salient features of the disease. After a certain period the animals 
appeared completely recovered and their blood and urinary constituents re¬ 
turned to normal. 

In patients suffering from the nephrotic syndrome the clinical history not 
infrequently reveals association of the disease with septic sore throat. Since 
the experimental renal disease so closely resembles in its salient features the 
clinical condition in man designated by the term “nephrotic syndrome,” we 
decided to investigate in animals the influence of administration of strepto¬ 
coccal toxin on the course of the nephrotic state induced in dogs bj* admin¬ 
istration of nephrotoxic serum from rabbits sensitized to dog kidney. A 
number of investigators^'® have produced this renal disease in rats, rabbits, 
and occasionally puppies vdth some minor variations in the different species. 
"SVe found the dog to be a A'^ery satisfactory animal for the expeiimental pro¬ 
duction of this syndrome. 

METHODS 

In tlie present study we used joung immunized dogs in which the serum proteins, 
urinary proteins, serum cholesterol, and blood urea were quantitated before and after the 
administration of the nephrotoxic agents and their concentrations were followed until 
the animals recovered. 

Healthy dogs were divided into three group's One group uas given nephrotoxic serum 
piepared, according to the procedure preMOu«I\ described,! from rabbits uhich had been 
sensitized against dog kidney. Ex'janguination of the rabbits vas done bj cardiac punc 
ture, which Aielded a larger Aolume of blood than the preiious procedure of cannulation 
of the femoral arteiy. A second group of dogs uas given a streptococcal culture filtrate 
This filtrate vas prepared bj filtering a 4 day culture in teal infusion broth of Sttepto 
coccus pyoqcnes (C203JI) through a Mandler candle.t A third group uas gi\en a mixture of 
nephrotoxic serum and streptococcal culture filtrate The total dose of each of the 

Tlie Mayo Foundation, Rochester, Minnesota, Is a part of the Graduate School of the 
Unueisity of Minnesota 

Receued for publication Feb 15, 1957. 

•Section of Pliisiolom. Maio Clinic and Mavo Foundation 
••Section of BioehemistO'. Alavo Clinic and Mayo Foundation 
tDr F R Heilman prepared the filtrate for this study. 
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nephrotoxic 'serum nnd of the *5trcptococcal culture filtrnte iins 4 4 nil per kilogram of 
bodj weight diMdcd into 0 do«cs nnd gi\«*n 3 times dniU over 3 <ln\& In the dog'^ re 
celling the combination of neplirotoMC ‘icrum plus streptococcal toMn, 0 ml of strepto 
coccal culture filtrate nere adfled to the total ilo'se of nephrotoxic berum, making 1 ml of 
filtrate in each of the 9 do'ses administered 

During the period of studj the aniinals iicrc housed in separate metabolism cages, 
and at specified intermix blood an! untie smiploa were obtained The urine was collected 
over 24 hour periods The total proteins in scrum and unne ncro determiued b} Kings 
lejN procedure The electrophoretic pattern of the proteins in the serum and urine nas 
determined bj* paper strips on the apparatus of Durruni and associates,s and quantitation 
of the paper strips was done L\ the technique of Gnissmann and associates o Scieral 
times during the studj the Tisclius procedure was used for determination of the electro 
phoretic patterns of serum and unnari proteins an 1 the patterns were compared with 
those obtained bj the paper technique The procedure of /ak and associates'o vris used 
for determination of total scrum cholesterol, and that of \ an Sljkc and Cullcnii for blood 
urea 

\fter establishment of control electrophoretic patterns and lalucs for serum and 
urinarj proteins and the total sermo cholesterol ind blood urea, the indiiidiial animals 
in each cage were gnen the nephrotoxic agents as indicated in an earlier paragraph 
One hour before receiiing the cophroloxic scrum alone or in combinitiou with strepto 
coccal culture filtrate, each of the dogs was giicn subcutancoufelj 23 mg of tripelen 
namino hjdrochloride * 

RESULTS 

In this stuclj the effects of the nephioto\ic seiuni, piopnicd fiom rabbits 
sensitized against dog kidiicj homogenate, -wcic iinifoim and the foatuies of 
the expel imental disease A\eic siinilai to those picMousl} icpoitcd bj StieUci 
and ns' The dogs herein icpoited which icccned the nephiotOMC sernm 
alone in total amounts of 4 4 ml pei kilogiam of bodj weight o\ei a period 
of 3 dajs exhibited scicic hjpopiotcincmia with reduction of senim albumin 
and alpha 1 and gamma globulin, and Aaiiable but usually some incicase of 
the alpha 2 and beta globulin These niamfcstations appeared on the fiist daj 
aftei the first injection and persisted foi some lime thereaftei (Pig 1) Usu 
allj the peak effect appealed within 2 dajs after the last injection of the 
nephrotoxic agent The seium cholcstciol and blood uica weie consistentlj 
elevated soon after the couise of injections of nephiotoxic agents was com 
pleted 

The \arious blood pioteins appealed in the lumc and the proteinuria 
became most se\ere immediatclj aftei completion of the 3 da> com sc of injee 
tions of nephrotoxic sciuin Pig 1 dcmonstiatcs the control levels and the 
compilative effects of the nephrotoxic agents on the seiuni and uiinaiy pro 
terns, on the serum cholesterol and on the blood luea for moic than 40 dajs 
With few exceptions the effects of injecting nephiotoxic serum alone were 
much like those of the combination of nephiotoxic seium and sticptococcal 
cultuic filtiate (Pig 1) The following wcie the exceptions The piotcinuria 
induced by the injection of nephiotoxic seium alone completely disappeared 
by the twentieth day aftei admiiustiation of nephiotoxic senim, while the 
pioteiniuia which followed the combination of nephrotoxic serum and strepto 
coccal toxin lasted much longer In these animals pioteinuin peisisted 

•Pyribenzamine lij flrocliloride Ciba Pharmaceutical Products Inc Summit N J 
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tlirouglioiit the observation period, which lasted for 40 days after the last 
injection of nephrotoxic serum and streptococcal toxin (Fig. 1). The serum 
cholesterol and blood urea were slightly higher in the dogs that received the 
combination than in the dogs that received the nephrotoxic serum alone. 

PROTEIN t^NTS and ST. 



r» 1 r i 1*^ T 'I \ - I '- l I I I I ^ - T j , T- 



Control 0. 

INJECTION PERIOD- I ( ( 


12 16 20 2a 2e 32 35 40 

DAYS AFTER INJECTION 


mg. 1.—Comparative changes In certain constituents of blood and urine following intravenous 
administration of nephrotoxic serum (N.T.S.) and streptococcal toxin tS.T). 



" Unne Proletn gm,/Z 4 hours 

Fig. 2.—Effects on dogs of intravenous 



administration of streptococcal toxin. 


The administration of streptococcal culture filtrate alone, in total amounts 
of 4.4 ml. per kilogram of body weight given over a 3-day period, produced 
changes that were similar to those caused by nephrotoxic serum but were 
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much milder and lasted for a much shoitci duiation Fig 2 dcmonstiates the 
various changes in the blood and mine following the intravenous administra¬ 
tion of streptococcal ciiltuie filtiate alone During and immediately aftei the 
pciiod of administration of sticptocoecal to\in thcie occuiied a definite but 
moderate reduction of total seium piotems and of souim albumin (Fig 2 ) 
The serum cholestciol and blood urea vvcic definitely elevated but for each 
the increase was transient (Fig 2 ) Piotemmia ocemied on the fiist day of 
injection of stieptococcal toxin and lasted until the eighth day only , there 
after, no protein was found in the mine of the dogs which leccived strepto 
coccal culture filtiato alone (Fig 2 ) Theie was a definite reduction of the 
scium albumin with a definite incioase of the blood nica and seium cholestciol, 
but the variations m the othei fiactions of the scium proteins were not con 
sistent In oidci to deteinunc the effects of highei concentrations of stiepto 
coccal toxin, use of laiger doses is planned in a future study’ 

Table I Influence or Intfavenous Abmimstration op Nephpotomc Agents on 
Ceftmn Constituents of Blood and Upine 



NEPIIROIOXIC 

SEPUM 

STREPTOCOCCAL 

1 TOXIN 

' NFi ifROrOAIC SEBUAI 

1 and stpfptococcal 

1 TOXIN 





maximal 

CHANCE 


MAXIMAL 

OHANOE 

CONSTITUENT 



PER 

CENT 

CON 
TPOI* ! 



CON 

TPOL* 

AMOUNT* 

1 PFR 

1 CENT 

fecrura 










Total protein 

5 00 

-2 2 

-44 

5 53 

-0 87 

-1C 

5 30 

-2 34 

-44 

Albumin 

2 51 

-1 05 

-GO 

2 31 

-0 51 

-22 

2 6') 

-1 83 

-68 

Alpha 1 globulin 

0 30 

-0 09 

-25 

0 32 

-0 04 

-13 

0 34 

-0 08 

-24 

Alpha 2 globulin 

0 55 

40 09 

416 

0 67 

40 0') 

413 

0 57 

40 30 

453 

Beta globulin 

103 

40 11 

4ll 

111 

40 14 

413 

1 07 

-0 46 

-43 

Gamma globulin 

001 

-0 19 

-31 

110 

-0 14 

-13 

0 63 

-0 28 

-44 

Cholesterol 

155 

4103 

466 

161 

443 

427 

170 

4118 

409 

(log/100 ml ) 

Blood urea 

3S 

459 

4155 

28 

440 

4143 

33 

475 

4227 

(iiig /lOO ml) 

Urine protein 

0 

lie 


0 

0 32 


0 

11 G 


(Gm/24 hr) 


•Grams per 100 ml unless otherwise indicated 


In oni hands the papei piocediue foi the detcimination of the electro 
jihoretic pattern of scium and uunaiy piotems woikcd very satisfactorily 
In ordei to test the icliability of the papci procedure for electrophoresis, we 
applied the two pioceduios (paper electrophoresis and Tisehus electio 
phoresis) on the same specimens of serum and iiimo from the same animals 
before and after production of experimental nepluosis Fig 3 demonstrates 
the similaiity of the findings by the two procednies, giving the various 
changes in blood and uniiaiy piotems lesulting from the nephrosis induced 
by the nephrotoxic agents used m this study The curves obtained by the 
liselius and hy the papei elcctrophoietic appaiatus were much alike The 
lepeatabihty of such results and the close similaiity of the findings by the two 
procednies gave us confidence m the paper procedure and made us conclude 
that it is icliable to use in the study of clectiophoictic patterns of blood and 


urine 
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BLOOD 
UREA 
mi;. % 


32 
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SERUM 
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SLOOO 
UREA 
mg. % 


22 


CONTROL 

SERUM 


PAPER TISELIUS 



SERUM 

CHOLESTEROL 
mg./lOO cc. 


153 



b 


Civtr Ntpfirototlc SerufR ertS Stffploeoeeus Toxin i V. 


Fi&. 3.—Electrophoretic patterns of the same samples of serum and urine determined 
by tvro different procedures (paper electrophoresis and Tiselius electrophoresis), a. Samples 
from dog given nephrotoxic serum intravenously, h, Samples from dog given nephrotoxic 
serum and streptococcal toxin intravenously. 
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Tabic I demonstiatos tlie maximal changes pioclnced bj the ncphiotoxic 
agents nsecl in this stndj Not shonii in the tabic is the fact that these max¬ 
imal changes usuall\ occuired on the fiist oi second day aftci completion of 
the 3 dnj coinsc of in 3 cctions of the neiihiotoxic agents The table gives in 
pcicentage the maximal changes fioni the contiol values that had been ob¬ 
tained bcfoic administiation of the nephrotoxic agents Note that the com 
bination of nepliiotoxic sciiun jiud slicptococcal to\in piodiuul the gicatcst 
inciease of blood iiiea (227 pei cent) and of alpha2 globulin (53 pei cent), 
and also the gieatcst decicase of gamma globulin (-44 pei cent) Ihc associ¬ 
ation of gamma globulin with immnintv icactions makes this leduction of 
camma glolniliii in the scrum a basic cvplaiiation foi the susccptilnlitv to in 
fcctioii encountered in such nephiotic states 

SUMMAK\ 

On hcalthv immunized joung dogs a studj was made of the influence of 
stioptococcal tn\in on the comsc of cxpcnmcntal nepliiosis induced bj the 
intiavonous administiation of sonim obtained fiom rabbits sensitized to dog 
kidncv Aftei establishment of the contiol electiophoictic pattcins and con 
tiol values foi seium piotcins, seiuin cholcstciol, blood uica, and uiinary 
piotcins the dogs wore divnded into 3 equal gioups Gioup I was given rab 
bit ncpluotoMC senun, Group II was given stieptococcal cultuic filtiate, 
and Gioup III was given a mixtuie of rabbit ncphroto\ic scium and sticpto 
coccal cultuie filtiatc The total dose of each of the ncphiotoxic scium and 
of the stieptococcal cultuic filtrate was 4 4 ml per kilogram of animal bodv 
weight and was divided into 9 doses given intiavenouslj over a pciiod of 3 
davs Blood and mine samples wcic anaBml daily dining the fust week and 
2 01 3 times a week theicafter foi moie than 40 dnjs Nephioto\ic seium 
alone pioduced a unifoim pictuie characterized by sevcie hjpopioteinemia, 
with 1 eduction of seium albumin, alpha 1 and gamma globulins and vaiiablc 
but usuallv some inciease in the alpha 2 and beta globulins 1'he scium cho 
Icsteiol and blood uica were consistenth elevated Pioteimiiia was severe 
l)ut disappcaied bj the twentieth day aftci administration of ncphiotoxic 
seium These manifestations were most marked immediatelj on completion 
of the couiso of injections of ncphiotoxic scium 

The intiavenous administiation of stieptococcal culture filtiate alone 
pioduced changes which were similar to those caused bj nephrotoxic souim 
but were vcij much milder and lasted for a much shoitei duration However, 
intravenous administration of the combination of nephrotoxic scium and 
streptococcal toxin pioduced a picture much like that of ncphiotoxic seium 
alone with the following exceptions the pioteinuiia winch followed the 
use of the combination of nephiotoxic serum and streptococcal toxin persisted 
much longci (moie than 40 dajs), and the leductioii of gamma globulin was 
greatci and the increase of scuim cholcstciol and blood urea was slightly 
higher than in the dogs which received nephiotoxic serum only 
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THE PLASIHV AMINO ACIDS IN PATIENTS WITH LIVER FAILURE 


^'RA^K L Iber, M D , Hyman Rosen, M A, St inley M Le\xnson, M D , 

AND Thom ys C Chalmers, M D 
Wyshington, D C 

I N 1849 Rokitansky* recognized crystals of tyiosine and leucmc in tlie liier of 
patients iiith acute hepatic neciosis, hut the importance of the liici in ammo 
acid metahohsm was not clearly reiealcd until 1924, iilicn Bollman, Mann, and 
MagatlP showed that the hcpatectomized dog lias unable to foim urea fiom 
amino acids Although the total plasma amino acids arc noinial in mild liier 
disease, eleiations are usually found in seierc ncciotizing hepatic disease* 

The quantitatiie partition of the blood ammo acids into mdividiial com 
ponents by column chromatography has only recently become possible ■* * Re 
ports of the behavior of individual plasma amino acids in patients inth liiei 
disease" oi m expeiimental liier disease” are limited Tins paper picsents 
indiiidual plasma amino acid lei els in 2 normal subjects and in 7 patients intli 
liier disease of i ary mg seierity, 5 of these patients iicic in liici coma The 
effects of intiaienous sodium glutamate arc noted in the 2 noinial subjects and in 
3 of the patients in hepatic coma 

MATERIILS IND METHODS 

Venous blood samples were collected la citrate or lieparm The plasma uas immediateh 
separated by centrifugation, frozen, and stored at -18® C until used The plasma was de 
protemized by ultrafiltration through “Viskmg” cellophane under nitrogen pressure in a re 
frigerated Monel metal apparatus This apparatus separates approximately 70 per cent 
of the initial plasma volume as filtrate Chromatographj was then performed on Dow ex 50 
columns according to the technique of Moore and Stem4 5 The ammo acids were determined 
on the eluate by the colorimetric method of Stem and Moorei 2 using a standard correction 
for each ammo acid Glutamme is lost m varying degrees on the column, and glutamine, 
asparagme, and serine (GAS complex) come off together Glutamine was determined separ 
ately by enzyme hydrolysis with glutaminasc derived from a rat kidney homogenate i3 The 
normal values by this method range from 350 to 760 |iM/L Alpha ketoglutarate, pjTuvate, 
and ammonia were determmed by the methods of SeligsonK Citric acid was determined by 
the method of Ettmger, Goldbaum, and Smith is 

Pertinent mfonnation on patients used m this study is giien m Table I Patients 1, 
2, 5, 6, and 7 received an mtravenous infusion of monosodium glutamate * All of these pa 
tients received a control mfusion of glucose before and after sodium glutamate administration 
The glutamate was given m 5 per cent glucose at such a rate that the amount of glucose per 
unit time durmg this and the control periods remained constant Patients 1, 2, 5, G, and 8 
represent Patients 1, 2, 4, 5, and 10, respectivelj, in another paper 

From The Department of Metabolism Division of Medicine Department of Surgical 
Metabolism Division of Surgerj "Walter Reed Institute of Research Walter Reed Army 
Medical Center Washington 12 D C 

Received for publication March 1 1957 

•The monosodium glutamate was generously pro\lded by the Sherman Laboratories 
Detroit Mich 
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RESULTS 

All (lata aic gucii m Tabic 11 Deteiiumaliou lA and 2 A \'cie pci 
foimed in noimal subjects ^\IlO \vcic iccciMng infusions of glucose \alucs 
foi each of the indnidual ammo acids mcic iMthiii oi bclo'\\ the laPgc found 
m 17 noimal subjects in ^^llOlll plasma was obtained altci a G houi fast 
Determimtion 9 A ^^as in a patient nitli well compensated ciiihosib, the plasma 
ammo acid pattern was almost noimal—piolmc, gljcme, histidine, aJid leucine 
concentiatioiis wcic modelatelj depressed and tjiobiiic was mcieased twofold 
Detcinimations 3 A and B, and 4 A wcic m patients with scicie li\ci disease 
111 piecoma In 3 A and B, although the total ammo acid lc\el seemed normal, 
tauiine was ele\atod about twofold, and thicomnc, GAS comple'^, gheine, 
methionine, and histidine weic nuldh dcpicssed In 4 A the total aunno acid 
was definitely clc\atcd but thcic wcic paiticulai clc\ations in aspAitie acid, 
thiconinc, methionine, tyiosme, phcn\lalanuic, and lysine Patient 4, ^'ho was 
treated synnptoniaticalh, progressed into hepatic coma (at the time of 4 B) and 
died In deteiminatiou 4 B, 36 horns aftci 4 A, the total ammo acids mcicased 
thiecfold, but aspaitic acid and glutamic acid fell Alanine; pioline, cystine, 
and histidine showed the most maikcd uses (four to eightfold), taiiunC) GAS 
complex, glycine, methionine, tyiosmc, phenylalanine, and lysine lose to lesser 
degrees 

Detcimmation 6 A was peifonncd on a patient m light hepatic coma with 
uudcilymg ciiihosis The total plasma ammo aeid lc^ol was maikcdlj decicascd, 
glutamic acid, piolme, ialine, methionine, isoloucme, tyiobinc, phenylalanine, 
and histidine wcic paiticularly dcpicssed 

Detcimmations 4 B, 5 A, 7 A, and 8 A were peifonncd in diffcient patients 
m severe hepatic coma All 4 subjects showed iiicieased lo\els of methionine 
(two to twentyfold) and tyiosiue (two to fixefold) Thice of the 4 subjects 
showed increased le^els of phenylalanine (two to fi\efold) and thioonme (one 
and one half to se\ enfold) 

Two normal subjects and 3 patients with hepatic coma had plasma ammo 
acids measiued before and aftci an infusion of glutamate In the 2 normal sub 
jects, the glutamic acid le^cl losc to 1,700 and 1,130 mJI/L, respectively, neai 
the end of the infusion The glutamic acid lc\el fell lapidly after completion 
of the infusion and, m Patient 1, ictiuned to noimal within two hours The 
le\cl of glutamate fell to one thud of the iiiaMmal \alue witlim 15 minutes in 
Patient 2 Both noimal subjects shoA\ed a rise in alanine and m G A S complex, 
the lattei persisting longer than the foimei Aspaitic acid rose m the one 
subject m whom it was measiued Tlieic wcic mild uses m othei ammo acids 
follow mg glutamate infusion 

In the comatose subjects (Patients 5, 6, and 8) the second deteimination 
was made immediately after the infusion of the glutamate, but onh in Subject 6 
did the glutamic acid level exceed that obsei\cd in the 2 normal subjects All 
3 of the coma patients showed a nsc in alanine (50 to 350 pei cent of the con 
tiol value) Two of the 3 patients showed a use in GAS complex- (40 and 
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Table 



NORIIALS* 1 
± S.D. 

PATIENT If 
NORMAL 

ABC 

A 

PATIENT 2i 
NORMAL 

B C 

P 

fiM of Amino acid N/L. 











plasma ultrafiltrate 











Taurine 

48 


10 

28 

55 

43 





Aspartic acid 

24 

+ 

10 

12 

61 

23 





Threonine 

131 

+ 

20 

79 

91 

80 

79 

78 

73 

76 

Glutamine, asparagine, 











seriiie 

498 


60 

454 

520 

540 

168 

210 

215 

87 

Glutamic acid 

138 

+ 

80 

91 

1700 

85 

112 

1130 

775 

400 

Proline 

230 


40 

105 

118 

103 





Glycine 

241 


20 

153 

155 

147 

82 

100 

89 

57 

Alanine 

319 

+ 

40 

285 

408 

282 

200 

305 

235 

182 

Valine 

230 

+ 

50 

172 

173 

186 





Methionine 

22 

± 

5 

25 

20 

23 





Isoleucine 

75 

± 

5 

56 

55 

49 





Leucine 

116 

± 

5 

107 

117 

106 





Tyrosine 

60 

± 

5 

34 

41 

32 





Phenylalanine 

71 

+ 

5 

31 

43 

31 





Cystine 

Trace 


Trace 

Trace 

Trace 





Histidine 

141 

+ 

20 

121 

46 

72 





Lysine 

161 

+ 

20 

152 

134 

88 





Total** 

2503 

+ 400 

1905 

3737 

1890 





aM/L. whole blood 











Ammonia (NH.) 

67.6 

+ 

10 

166 

72 

52 





a-Ketoglutarate 

13.0 

± 

1.5 

12.4 

20.6 

13.7 

11.3 

17.8 

16.0 

11.8 

Pyruvate 

73 

i 

16 

115 

128 

90 

69.1 

71.0 

67.5 

78.8 

Citrate 

79.2 


70 

58 

82 

80 

110 

127 

109 

Glucose mg./lOO ml. 




88 

96 

95 

77 

83 

83 

80 

Glutamine 




229 

265 







•Amino acid normals were determined on 17 individuals. The ammonia normals were deter¬ 
mined in 25 individuals. The pyruvate and alpha-ketoglutarate are based on 16 persons. See meth¬ 
ods for citrate and glutamine. 

tl-A, sample drawn at the end of glucose infusion and just prior to the glutamate infusion. 1-B 
drawn at end of glutamate infusion (24 Gm. in 195 min.). l-C drawn 120 min. after 1-B. 

$2-A drawn at end of glucose infusion and just before glutamate infusion. 2-B after 200 min. 
of glutamate infusion (24 Gm. in 205 min,). Glutamate infusion continued for 5 min. after 2-B. 2-C 
drawn 5 min. after glutamate infusion ceased. 2-T> drawn 15 min. after end of glutamate infusion. 

§ Specimen obtained 7 days after A. 


200 per cent) and in aspartic acid (40 and 500 per cent). Two of the three had 
a rise in the total amino acid level of 2 and 8 times the control; the third sub¬ 
ject had no significant change. 

Citric acid, pyruvic acid, and or-ketoglutarie acid were elevated in the cases 
with severe liver failure. a-Ketoglntaric acid was the only one of the three 
that rose consistently follo'wing glutamate infusion. 


DISCUSSION 

Fig. 1 shows in a schematic fashion the principal tissues which affect the 
plasma level of amino acids. The liver plays a central role in amino acid 
metabolism, for it can release amino acids into the plasma; convert some amino 
acids to others; control, in pai’t, the release of dietary amino acids into the 
peripheral blood stream; and remove amino acids from the plasma. Muscle and 
other tissues may also release amino acids into the blood stream or take them 
from the blood stream for the building of new protein or for energy. The 
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II 


PATIEXT 3 
PPECOMA 

A n$ 

PATIENT 4|| 1 

COMA ' 

A B 

PATIENT 5V 
COMA 

A B 

PATIFNT 6*1 
COMA 

A B 

iPATirNT 7 
COMA 

1 A 

PVTIENT 8f 
COMA 

A B 

PVTIENT 9 
CIRPHO 
SIS 

A 

78 

79 

33 

100 

55 

47 

70 

135 

34 

0 

32 

50 

15 

Trace 

1D2 

37 

41 

60 

23 

124 

23 


17 

12 

65 

66 

550 

1083 

182 

226 

53 

111 

204 

14 

151 

116 

295 

230 

920 

2550 

470 

1030 

144 

85 

1038 

420 

600 

267 

61 

60 

221 

175 

152 

957 

17 

3730 

129 

157 

101 

140 

208 

111 

240 

1080 

233 

176 

20 

8 

2j0 

153 

155 

103 

331 

351 

530 

1410 

366 

387 

87 

155 

300 

28h 

J62 

132 

243 

220 

430 

3260 

485 

1400 

Vo 

280 

410 

230 

324 

297 

138 

67 

150 

373 

130 

182 

20 

4D 

160 

137 

98 

146 

13 

Trace 

225 

534 

41 

52 

Trace 

Trace 

105 

45 

47 

37 

46 

76 

66 

168 

60 

106 

6 

Trace 

50 

27 

32 

37 

75 

119 

110 

313 

82 

173 

27 

42 

106 

53 

71 

6" 

77 

61 

130 

349 

126 

262 

Trace 

8 

175 

160 

138 

173 

87 

43 

124 

438 

185 

148 

3 

12 

188 

90 

GO 

6" 

Tnce 

Trace 

Trace 

350 

Trace 

Trace 

Trace 

Trace 

5 

Iraco 

Trace 

12 

42 

101 

182 

830 

229 

170 

5 

5 

308 

60 

92 

32 

147 

95 

455 

1310 

Not done 

13 

17 

248 

210 

138 

101 

1721 

1479 

4538 

14360 

2837 

5466 

563 

4761 

3739 

2250 

2408 

1789 

60 


57 

172 

140 

88 

148 

102 

320 

191 

158 

82 

39 S 

57 

43 

30 

144 

53 

76 

37 

24 

19 

13 

148 


175 

620 

156 

260 

222 

106 

355 

122 

108 

75 

235 


230 

276 

73 

122 

128 

114 

368 



117 

88 


114 

177 

93 

122 

91 

92 

53 

208 

178 

83 





700 

1240 




1350 

1440 



||4 A preeoma present for 12 hr 4-B 36 hr after 4 A Patient In deep coma for 24 hr 
US V G-A and S-A obtained before glutamate Infusion started and at the end of the glu 
cose infusion 6 B at the end of glutamate infusion (24 Gm m 2V hrs ) C B after 32 Gm In 
4V hr SB after 20 Gm In 3*/ hr 

**TotaI obtained from addition of the amino acids listed 


kidney, in addition, tiansforms certain ammo acids into others (such as glu 
taminc to glutamic acid) and can e\cictc ammo acids At present not all of 
the factors that lead to the excretion of ammo acids by the kidne> aic knovTi 

In Fig 1, ammo acids from absorption aie sho^vn as passing through the 
liver before reaching the plasma amino acid pool This is not entirely coirect 
because shunting of the blood around the Iner often occius m h\ci disease 
Kecent observations’® indicate that significant ammo acid absorption occuis bj 
■\vaj of the thoracic duct, thus, in effect, a portion of the ammo acids of ahsorp 
tion may he “shunted” to the sjstemie ciiculation in the normal 

In the data recorded in this paper, the rise m methionine and the rise m 
tyrosine verc the most pcisistent of all of the indiMdual changes of the plasma 
ammo acids AVu, Bollman, and Bntf^ found both of these ammo acids elc^ ated 
and, in addition, found glutamic acid, glutamine, and cystine high in Iner 
coma "Walshe® reported a use in methionine and glutamine and emphasized 
the diagnostic value of an elevated tjuosine m the urine m sevcic liver disease 
Caclun, Burlach, and Blass* found that elevated tvrosme was the earliest 
change in the plasma m livci disease, and Schrcici’® emphasized the rise m 
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plasma methionine in liver failure. The rise in both methionine and tju’esine in 
our patients is out of proportion to the rise in the total plasma amino acids. 
Methionine was depressed in several of the patients with milder liver failure, con¬ 
firming the observation of Wu, Bollman, and Butt." 



Fig. 1.—Schematic representation of the principal tissues that affect the plasma amino acid 

pool. 

Four sources of the rise in plasma amino acids after severe li\'er damage 
seem possible: (1) dissolution of necrotic liver tissue,-® (2) release from muscle 
or other tissue protein, (3) release from free amino acid pools in the tissues,^® 
or (4) impaired utilization of plasma amino acids. Plasma amino acids rise at 
least as rapidly following hepatectomy as following severe liver necrosis®^ and 
both increases may be lessened by giving glucose.’" The amino acid distribution 
of whole liver protein does not parallel the disti-ihution of the rise in the plasma 
amino acids.® Dissolution of necrotic liver tissue does not, therefore, seem the 
source of the elevated amino acids. Flock, Mann, and Bollman"’ found that the 
rise in amino acids following hepatectomy occurred iir the same proportion as in 
normal plasma, and thej- favored the theory that release of amino acids occurred 
from the free amino acid pool of muscle. In a later study,"" however, they found 
that muscle and brain had a net increase in free amino acids; therefore some 
release from body protein had occurred. Of the possibilities, increased release 
of amino acids from muscle protein and impaired utilization by the liver are the 
most probable. 

Many pathways of amino acid utilization occur in the liver, but of these 
information is available only on urea formation. Although urea formation has 
been found deficient in rare instances of liver failure,"" it is usually normal."’ 
Blood urea values wore determined in Patients 4, 5, 7, 8, and 9 and were either 
normal or elevated. Altered energj’- production has often been observed in 
the presence of severe liver disease"" and an elevation of the plasma amino acid 
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lc\el miglit be expected to collect this dchcicnc 3 in pait The kno^^n actions of 
coitisone on piotcin inetaliolism ■* uould make the adicnal stcioids possible 
mediators of this lelnsc of ammo acids 

In animal studies, the inclement abo\c noimal in plasma amino acids is 
similai m composition to tlic noimal plasma ammo acids and to ammo acids of 
muscle tissue In the human being, glutamic acid, alanine, gbcinc, hsme, 
aspaitic acid, pioliiie, \alme, isoleucine, and leucine aie found in high molai 
eonccntiation m uhole muscle-* In luci failme, none of these shou a use in 
plasma out of propoition to the use of the total plasma amino acids, hsme is a 
liossiblc exception If muscle protein wcic the souicc of the additional plasma 
ammo acids, then theic must he alteiations in the subsequent metabolism of in 
diudual ammo acids to account foi the lack of use or the excessne use of a 
gn en ammo acid 

The patients uitli mild luci failure did not show consistent abnoimalities 
The total ammo acids seemed normal in all except Case G, m which an extienieh 
low -value was found This is unexplained but mav he a manifestation of pooi 
nutiition, foi the subject had no oial intake for 10 da%b Clnikc}, Kano, and 
Iloughair^ found a peisistent fall m most of tlic indnidunl plasma amino acid 
lc^cls in noimal subiccts fasted foi 48 hours Patient 6 liad inadequate caloiics 
foi maintenance of bodj weight and no mtiogen intake foi 10 da^s piior to 
studj IIowcvci, Patient 5 imdciwcnt a comparable fast without dcpiession of 
the total amino acids ^Icllinkoff, Bo\lc and Frankland®'^ found a more lapid 
disappearance of infused ammo acids in mild Inci disease than in noimal pei 
sons Tlie-v suggested that decreased abilit-v to mobilize oi stole glucose led to 
a higher output of insulin, which in tuin accelerated the fall in ammo acids We 
lla^ e no data to support this concept 

Subjects 1 and 2 leeencd sodium glutamate infusions and at the end of the 
infusion the le\cls -were 1,700 and 1,300 /iiM/L, rcspcctnely The dose used in 
this stud} (24 Gm ) would repicsent 2 300 fiM/L m 55 liteis, the approximate 
total body water of Patient 2, a man weighing 82 Kg Tlie plasma le\els of tins 
ammo acid returned lapidh to normal after the end of the infusion Associated 
with the fall in glutamic acid, the GAS complex and alanine rose in both 
patients, and aspaitic acid and leucine lose in the single patient in which the\ 
were measured A use in alanine out of proportion to the use m othei ammo 
acids was found in all three of the coma patients tieated with glutamic acid 
Alanine most likelj is formed as a result of the tiansammation reaction, in 
which one molecule each of glutamic acid and piiinic acid combine to form 
one molecule each of alanine and a ketoglutarate a Ketoglutarate rose aftei 
glutamate infusion in each patient The rise in alanine and kctoglutaiatc 
following glutamate infusion was similar in normals and patients in liver coma 

Theie aie sevcial differences in tlie metabolism of ammo acids in the pa 
tients with liver coma and the noimal subjects The total plasma ammo acids 
arc occasionalh elevated in seveie liver failure Two of the five patients in 
hepatic coma showed significant elevations The plasma concentiation of 
methionine is disproportionately elevated in severe hver disease A defect in 
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plasma metliionine in li's’er failure. The rise in both methionine and tjn’osine in 
our patients is out of proportion to the vise in tlie total plasma amino acids. 
Methionine was depressed in several of the patients with milder liver failure, con¬ 
firming the observation of Wu, Bollman, and Butt." 



Fig. 1.—Schematic representation ot tlie principal tissues tliat affect tiio plasma amino acid 

pool. 


Four sources of the rise in plasma amino acids after severe liver damage 
seem possible: (1) dissolution of necrotic liver tissue,=° (2) release from muscle 
or other tissue protein, (3) release from free amino acid pools in the tissues,^® 
or (4) impaired utilization of plasma amino acids. Plasma amino acids rise at 
least as rapidly following liepatectomy as following severe liver necrosis®^ and 
both increases may be lessened by giving glucose.’® The amino acid distribution 
of whole liver protein does not parallel the distribution of the rise in the plasma 
amino acids.® Dissohrtion of necrotic liver tissue does not, therefore, seem the 
source of the elevated amino acids. Flock, lilann, and BoUman®’ found that the 
rise in amino acids following liepatectomy occurred in the same proportion as in 
normal plasma, and they favored the theory that release of amino acids occurred 
from the free amino acid pool of muscle. In a later study,®® however, they found 
that muscle and brain had a net increase in free amino acids; therefore some 
release from bodj' protein had oceun-cd. Of the possibilities, increased release 
of amino acids from muscle protein and impaired utilization by the liver are the 
most probable. 

iMany pathways of amino acid utilization occur in the liver, but of these 
information is ai-ailable onlj' on urea formation. Although urea formation has 
been found deficient in rare instances of liver failure,®® it is usually normal.®’ 
Blood urea values were determined in Patients 4, 5, 7, 8, and 9 and were either 
normal or elevated. Altered energy production has often been observed in 
the presence of severe liver disease®® and an elevation of the plasma amino acid 
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EFFECT ON PORTAL BLOOD AMSIONIUM CONCENTRATION OF 
ADIMINISTERING METHIONINE TO PATIENTS WITH 
HEPATIC CIRRHOSIS 

Leslie T. Webster, Jr., ]\I.D.," and George J. Gabuzda, M.D. 
Cletoland, Ohio 

I N CERTAIN patients with liepatie cirrhosis or Eclc fistula, the administration 
of ammonium salts, protein, amino acids, or urea may induce impending 
hepatic coma, a s 3 Tidrome characterized bj’^ mental confusion and a typical 
flapping tremor and usuallj’^ associated with increased blood ammonium concen¬ 
trations.^"® These nitrogenous substances maj'^ produce increased blood am¬ 
monium concentrations in similar patients without inducing the above untoward 
clinical signs.®’ ’’’ ® Confusion also may follow methionine ingestion bj^ patients 
with hepatic disease.'’'^’^ However, metabolites of methionine other than am¬ 
monium have been implicated bj’’ some investigators because blood ammonium 
concentrations did not change significantlj' in methionine-fed patients with 
cirrhosis, although some exhibited neurological deterioration. These metabolites 
were presumablj’ formed b.y gastrointestinal bacterial action on methionine be¬ 
cause methionine-induced neurological deterioration was prevented by chloi’- 
tetraeycline administration.^® 

In the present studj", methionine as a source of portal blood ammonium was 
evaluated bj' determining arterial and portal collateral venous blood ammonium 
concentrations before and after methionine ingestion b 3 ’^ patients with cirrhosis. 
Increases in portal collateral blood ammonium concentrations were obseiwed 
after ingestion of this amino acid. Consistentlj' significant increases were not 
observed after metliionine ingestion when the same patients were pretreated 
with neomycin sulfate by the oral route. 

3IATERIALS AND METHODS 

Three hospitalized male patients with histories of chronic alcoholism associated with 
poor food intake were studied. Clinical, laboratory, and histologic evidence indicated diag¬ 
noses of Laennee’s cirrhosis. No patient had confusion, coma, tremor, shock, hemorrhage, 
or blood urea nitrogen concentrations above 15 mg. per 100 ml. (Table I). 

Tlie daily food of these patients was estimated to contain 30 to 90 Gm. of protein and 
nppro.ximately 250 mg. of sodium; there were no substantial dietary alterations during the 
observation period. Patients did not receive foods or medications containing nitrogen for at 
least 12 hours before each study was initiated. 

Each study was performed by obtaining blood samples for ammonium-nitrogen determi¬ 
nations within two minutes of each other from a superficial abdominal vein and a brachial 
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artcrj at intervals before and after the ingestion of 10 Gm of dl metluonme* m 250 ml 
of water Two studies were carried out for each patient On the afternoon of the da> 
followang their first studi, thej wore gi\en neomvein ‘sulfatet oralh, 2 Gm mitiall}, followed 
In 1 or 2 Gm e\eri 4 to G hours, until the ne\t morning when the second studj nas done 

Ammonium nitrogen (NIIjK)^ in blood and in the admini'stercd methionine solution 
was determined bv a modified Conwav technique^ Blood was inicctcd piomptl' into the 
Conwa) unit and a diffusion time of 10 minutes was emplojed Results were calculated from 
the N rccoicred from a standard as recommended for blood by Conwa^ Differences 
between ISH^N concentrations m two consecutue blood samples drawn during the same day 
from the same site in n guen fasting patient witli cirrhosis ranged from 0 to 21 meg per 
100 ml This reproducibility held for superficial abdominal %enous blood onli if the blood 
was drawn repeatedh from the same location m the same abdominal icin Accoidmglj, 
multiple sampling of al dominal ^enou3 blood was done m this manner s 

The 10 Gm of metlnoninc jieldcd 0l mg of Nn,N on analjsis 

Serum bilirubin and blood urea nitrogen concentrations were determined standard 
teclmiquos 11 i«» Bromsulphaloin was detormined m scrum from blood obtained 45 minutes 
after the injection of 5 mg of dye per kilogram of body weight ic 


TABIF I ClIMCVL VND LabORVTORY D\T\ IN TlirEE M\LE PVTIESTS WlTH 
HEr\Tic Cirrnosis* 


patient 

AOE 

pnrSIClL E\\MIN\TIONt 

SEPOM TOTAL , 
BKirumv 
(MO/100 Mf ) I 

SERUM BSP 
(pep CENT 
rCTENTlOV) 

! BLOOD UREA N 

(MC /lOO ML ) 

A I 

ss 

Angiomata liopatomegaly, 
splenomegaly 

20 

3S 

13 

J K 

49 

Icterus angiomata 
hepatomogalv, edema 

30 

53 

12 

E B 

55 

Edema 

IS 

3S 

12 


•Diagnoses of Laennecs cirrhosis were confirmed by biopsy 

|AII three patients had ascites and dilated superficial abdominal \elns 


RESULTS 

Before ncomj cm sulfate administration the three patients studied demon 
bliatcd significant increases in portal collateial blood NII 4 N concentrations 
(> 23 meg NH 4 N pei 100 ml) i\ithin an hour after methionine ingestion 
(Figs 1 to 3) Ilouevei, aftei 6 to 12 Gm ot neonncin sulfate had been gnen 
o\er a peiiod of 16 to hours methionine did not produce significant incieases 
in portal collateial blood NH^N concentiations in t^\o patients and produced 
onh a minimal incicase in the third Except in one instance (Fig 3) arterial 
blood Nn 4 N concentiations did not increase significantly aftei methionine was 
ingested either before or after neomycin sulfate administration Fasting poital 
collateral and arterial blood NH^N concentrations were lower after neomycin 
sulfate admmistiation 111 2 of the 3 patients (Figs 1 and 3) The significance 
of this finding nas difficult to evaluate because day to day variations in a given 
fasting patient with ciiihosis can be of this magnitude 

•Kin lly provided by Merck Company Rahway N J 

tMycifradin sulfate The Upjohn Company Kalamazoo Mich 

jWliether ammonium norman> Is present in circulating blood or whether It is formed 
only after blood Is shed has not been established Volatile base released from blood upon 
addition of alkali Is assumed to be ammonia 
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The superficial abdominal veins employed contained portal blood to a 
measurable extent as evidenced by the follovdng; Ainmonium-nitrogen concen¬ 
trations in blood obtained from these veins increased significantly and were in 
excess of increases in arterial blood NH^-N concentrations in two of the neo¬ 
mycin-treated patients when NII^Cl was given orally (50 mg. of NH 4 -N to 
J. K. and 100 mg. to B. R.). Similar results were noted when 4 Gm. of L-gluta- 
mine were given orally to the third patient (A. I.) who had also received 
neomycin sulfate. Previous studies have demonstrated that glutamine can cause 
increased portal collateral blood NH4-N concentrations in patients treated with 
neomycin.® 


BEFORE NEOMYCIN AFTER NEOMYCIN 



Fig:. 1.—Effect of DL-methlonine given orally. Patient J. K. with cirrhosis. 


BEFORE NEOMYCIN AFTER NEOMYCIN BEFORE NEOMYCIN AFTER NEOMYCIN 



Fiff. 2. Fie- 3. 


Pig. 2.—Effect of DL-methionine given orally. Patient E. R. with cirrhosis. 
Fig. 3 .—Effect of Dii-methionine given orally. Patient A I. with cirrhosis. 


DISCUSSION 

Increased concentrations of volatile base (NH^-N) in portal collateral blood 
were noted shortly after each of three patients with hepatic cirrhosis ingested 
10 Gm. of DL-methionine. 
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These increases in portal blood were piobably not attnbutable to 

the NH 4 N found bj analysis in the 10 Gm quantity of methionine adminis 
tered (0 1 mg), because 20 mg of NH 4 N gl^en oially 111 the foim of an am 
nionium salt did not produce a portal collateial increase in other patients ■s\nth 
cinhosis® Further CMdence for this hypothesis is that insignificant increases 
in portal collateral NH^ N concentrations follo^^ ed methionine administration to 
neomycin tieated patients Increases from free NH 4 N that might ha\e been 
contained in methionine Mould not ha\e been modified by neomycin ® This sug 
gests that NH^ N in detectable quantities was released only after methionine was 
metabolized 

The fact that no significant incieases m poital collateral blood NH* N con 
centiations folloned oral administration of neomycin suggests that foimation of 
the NH 4 N from methionine depended, in part at least, upon gastrointestinal 
bacteiial action For example methionine might be deaminated by gastio 
intestinal bacteiia or it could be absoibed and changed in part to uiea which 
upon entering the gastrointestinal tract, might be deaminated by bacterial 
urease In either situation, increased portal collateral blood NH 4 N concentra 
tions would losult if the bacteiial floia were not giossly altered 

The incieased portal collateral blood NH* N concentrations found heie Mere 
at aaiiance Math othei reported results, indicating that blood NH 4 N concentra 
tions Mere not influenced by ingested methionine*® HoMever, the prepaiations 
of DL methionine employ ed, the dosages of amino acid given, the sites from 
which blood Mas taken, and the time intervals of blood sampling Mere not 
comparable 

Whether or not the ability of methionine to induce impending hepatic coma 
lb lelated to its ability to induce increased portal collateral blood NH 4 N con 
eentrations is not ImoMn Other in\estigators have reported that chlortetia 
eychne may prei ent the exacerbation of impending hepatic coma in methionine 
fed patients Mith cinhosis, presumably by its bactenostatic effect*® In this 
study, neomycin sulfate, an essentially nonabsorbable antibiotic, prevented 
increased portal collateral blood NH 4 N concentrations after methionine inges 
tion, apparently by alteiing the gastromtestmal flora concerned with ammonium 
production These observations are consistent with the hypothesis that am 
monium or a 1 elated substance may play a role in methionine induced hepatic 
coma Howe\er, the possibihty of a deleterious effect resulting from othei 
baeteriologicallj pioduced metabolites of methionine cannot be eliminated 

Speculations upon the quantitative aspects of gastrointestinal “ammonium” 
production from methionine contained in piotein appear relevant After inges 
tion, 20 to 50 Gm of animal protein, containing an estimated 0 7 to 1 8 Gm of 
methionine,* produced increased artenal as well as portal collateral blood 
NH 4 N concentrations in some patients with cirrhosis ® Howe'vei, in the present 
study, 10 Gm of free methionine or about 6 times as much as contained in the 
abo-ve piotein meals did not produce a significant increase in arteiial blood 
NH 4 N concentrations except in one instance Moreover, poital blood NH 4 N 

•Approximately 3 5 per cent of animal protein 13 methionine 
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increases after ingested protein, unlike those after methionine, were not modified 
significantly by prior administration of neomycin.® Thus, it appeared unlikely 
tl)at the epmutity of methionine contained in these protein meals accounted for 
much of the portal lilood NHj-N increase observed after their ingestion. Hoav- 
OA'er, in patients Avith severe Ih-cr disease, methionine given repeatedly in quanti¬ 
ties sometimes employed therapeutically or as dietary supplements might not 
only jjroduce increased blood “ammonium” concentrations but also induce the 
syndrome of impending hepatic coma. 

SU-AI.ArAKV 

Ten grams of ingested nn-methionine caused increased concentrations of 
ammonium or a related substance in the portal blood of each of three fasting 
patients with hepatic cirrhosis. These increases Avere largelj' prevented Avhen 
each patient received 6 to 12 Gm. of neomycin sulfate orally during a period 
of 16 to 18 hours before methionine ingestion. These observations indicate that 
“ammonium” is formed from methionine or one of its metabolites and is 
absorbed into the portal blood. Purthennore, they siAggest that the formation of 
“ammonium” from methionine is dependent to some extent upon the integrity 
of the gastrointestinal flora. 

lilethionine possibly may act like other nitrogenoAAS substances containing or 
liberating “ammonium” Avhich, like this amino acid, have induced the syndrome 
of impending hepatic coma in susceptible patients AA'ith JiA^er disease or Eck 
fistula. 

The technical assistance of Mrs. Helen Grodeck is gratefully acknowledged. 


REFERENCES 

1. Gabuzda, G. J., Phillips, G. B., and Davidson, C. S.x Reversible Toxic Manifestations in 

Patients AVith Cirrhosis of the Liver Given Cation-Exchange Kesins, New England 
J. Med. 2d6: 124-130, 1952. 

2. Phillips, G. B., Schwartz, E., Gabuzda, G. J., and Davidson, C. S.: The Syndrome of 

Impending Hepatic Coma in Patients With Cirrhosis of the Liver Given Certain 
Nitrogenous Substances, New England J. Med. 247; 239-246, 1952. 

3. Schwartz, R., Phillips, G. B., Seegmiller, J. E., Gabuzda, G. J., and Davidson, C. S.-. 

Dietarj- Protein in the Genesis of Hepatic Coma, New England J. Med. 251: 6S5- 
GS9, 1954. 

4. Traeger, H. S., Gabuzda, G. J., Ballou, A. N., and Davidson, C. S.: Blood Ammonia 

Concentration in Liver Disease and Liver Comn, Metabolism 3: 99-109, 1954. 

5. AVebster, L. T., Jr.; Hepatic Cirrhosis: Impending Hepatic Coma and Increased Blood 

Ammonium Concentrations During Protein Hydrolysate Infusions, J. Lab. & Ci.lx. 
Med. 4: 140, 1956 (abstract). Paper to be published in J. Lab. & Cun. Med. 

6. McDermott, W. V., Jr., and Adams, E. D.; Episodic Stupor Associated AATth an Eck 

Fistula in the Human With Particular Reference to the Metabolism of Ammonia, 
J. Clin. Invest. 33: 1-9, 1954. 

7. Hirk, E.: Amino Acid and Ammonia Metabolism in Liver Diseases, Acta med. scandinav. 

Suppl. LXXAHI, 1, 1936. 

S. AA'ebster. L. T., Jr., and Davidson, C. S.: Sources of Blood Ammonium After Feeding 
Protein to Patients With Hepatic Cirrliosis, J. Clin. Invest. 35: 742, 1956 (abstract). 
Paper submitted for publication. 

9 'Watson, C. J.: The Prognosis and Treatment of Hepatic Insufficiency, Ann. Int. Med. 
31: 405-423. 1949. 

10. Kinsell. L. W., Harper. H. A., Giese, G. K., Margen, S., McCallie, D. P., and Hess, J. R.: 

Studies in Methionine Metabolism. II. Fasting Plasma Methionine Levels in 
Normal and Hepatopathic Individuals in Response to Daily Methionine Ingestion, 
J. Clin. Invest. 28: 1439-1450, 1949. 



\ol,n,>0 I.FFIXT OP METIIIONIKl. ON POHTAL BLOOD AMMONIUM 431 

\ iml fr > 

11 Smgli, I D, Barclay, J A, and Cooke, W. T Blood Aiuinouia Lc\els in. Eolation to 

Hop itic Coma and the Administration of Glutamic Acid, Lancet 1: 1004 1007, 1954 

12 Phear, I] A, Euebner, B, Sherlock, S, and Snmmer«kill, IV II J Methionine Toxicity 

in Lner Discise and Its Prevention b> Chlortetracjclme, Clin Sc 16 93 117, 1950 

13 Conway, E J Microdiffusion Analysis and Volumetric Error, ed 3, London, 1950, 

D Van No'^trand Co , Inc 

14 Ducci, II, and Matson, C J Tlic Quantitatne Determination of the Serum Bilirubin 

IVith Special Reference to llio Prompt Reacting and the Chloroform Soluble Types, 
J L\B A Cliiv Med 30 293 300, 1915 

15 Oumgs, R H, and Mandel, E E Studies in Ison protein Nitrogen I A Conieuient 

Method for Measuring Urea in Blood, Proc, Soc Exper Biol L Med 78 363 3G6, 
1951 

10 Gaebler, 0 H Determination of Bromsulplialein m Normal, Turbid, Hemolysed, or 
Icteric Serums, Am J CIm Path 15* 452 455, 1945 
17 Block, R J, and Bolling, D The Ammo Acid Composition of Proteins and Foods 
Springfield, 111, 1945, Charles C Thomas 



LEUKOCYTE PHOSPHATASE ACTIVITY IN PREGNANCY 

Jack A. Pritchard, M.D. 

Dallas, Texas 

T he alkaline phosphatase aetivitj’- of circulating leukocytes may vary con¬ 
siderably. Jlarked increases in enzyme activity have been observed in 
several pathologic states including infection, trauma, hemorrhage, and pul¬ 
monary and myocardial infarctions, ivliile in myeloid leukemia the enzyme 
activity is depressed.'"^ The administration of corticotropin or cortisone to 
normal individuals results in considerable augmentation of leukocyte alkaline 
phosphatase activity.^ The acid phospliatase activity of leukocytes, however, 
does not appear to vary appreciably from normal in these several conditions.’’ = 
This report concerns the effects of normal pregnancy with its associated 
hormonal and hematological alterations on leukocyte alkaline and acid phos¬ 
phatase activity. 

aiATERIAL and AIETHODS 

Leukocytes were olRained and tlieir alkaline and acid phosphatase activities measured 
following the procedures of Yalentine and Beck.i It was not necessarj- to add fibrinogen 
solution to blood from most women in the latter half of pregnancy since the sedimentation 
rate was quite rapid, undoubtedly due to the hyperfibrinogenemia of normal pregnancy. 
White blood cell counts were done in duplicate. 

Leukocyte alkaline and acid phosphp.tase activities and white blood cell counts were 
determined in 12 healthy nonpregnant women, and in 81 apparently normal women during 
various stages of pregnancy and the pucrperium. Of these 81 women, 10 were in the 
first trimester of pregnancy, 19 were in the second trimester, 14 were in the third trimester, 
20 were at or near term and had just completed or were very near the end of labor, 8 were 
3 daj'S post partum, and 10 were 6 to 7 weeks post partum. In 15 instances fetal 
leukocytes were also obtained from cord blood at delivery simultaneously with maternal 
Icukocj-tes and their phosphatase activities measured. In each of the 8 women during 
labor and the early post-partum period, repeated studies of leukocyte phosphatase activities 
were made during the first week of the puerperium. Also measured were enzymatic 
activities of leukocytes from 2 subjects with a fetus known to be dead in utero for several 
weeks, but in whom the idacenta probably still retained some fimctional activity. Enzyme 
activities arc expressed as milligrams of phosphorus hydrolyzed by 10 billion leukocytes in 
one hour. 

RESULTS 

The average leukocyte alkaline phosphatase activity in the normal non¬ 
pregnant females was 25.6 mg., (piite similar to the values of 25 mg. found by 
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LEUKOC\TE PnO'JPH \.TASE ACTH IT\ IX PREG^ \^c■i 




Valentine’ ■* and 23 1 mg icpoitcd hv 'Wiltshan and ^[olonc},^ ^^jnie acid plio 
plntasc actiMfN a\eiagGd 27 G mg, diflieiing sliclith fiom the moan of 21 
mg deteimined b^ A'alcntine 

Fig 1 shows the incicasis m leukoc^te alkaline phosphatase actlMt^ ass 
ciatcd with plOgnanc^ Dniing the fiist tnmestci the mean actiMtj was 60 
mg and lose to 75 0 mg diinng the second tiimester The a^elago actnil 
dniing the thud tiimcstci but piior to the onset of laboi was 76 5 mg Dunn 
labor at or within one houi of delueiw the mean leukoc-\tc alkaline phosphata 
actnit\ was 116 mg while the aeti\it\ of leiikoc\tes from coid blood at deluci 
was 76 0 mg Thiec da\s post paitum the matennl mean lcnkoe\tc alkalir 
phosphatase actlvlt^ lueicascd to 213 mg Siv weeks aftoi dclner% it aaerage 
onl\ 35 S mg 



Fip 1—The IndiMdual and luean \alues for leuKocj’te alkaline l)ho‘!phatase acti\it 
expressed as milligrams of phosphorus hjdrolyxed by 10 billion leukocytes per hour -xre plotte 
for normal subjects during the nonprepnant state first trimester ■second trime‘?ter third tr 
me'iter at the end of labor for cord blood and for subjects C to " iNeek^ pa'll partum 

Leukocjte acid phosphatase actiMti ^arled little during pregnanej am 
the pueipeimni, the mean values were first tiimester 26 0, secoiid trimester 26 2 
third tiimestei 29 1, cord blood 23 8, 3 dajs post paitum ^71, and 6 to 
weeks post paitum 26 0 mg of phospbonis liberated pei hoar h% 10 bilhoi 
leiikoct tes 

The a\ciage concentration of leukocytes per cubic milhmcitei duiing thes 
periods were noimal nonpregnant 7,790, first tiimester 7,840, second tiimeste 
11,350, thud tiimestei 9 030, labor 14,100, coid blood 18,350, 3 days pos 
partinn 13,430, and 6 to 7 weeks post paitum 6,480 There was no consisten 
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relationship^ between the degree of elevation of the leiilcocjde alkaline piios- 
pliatase activity and the blood leukocyte concentration within any of tlicse 
groups. 

During the immediate posl-partum period following labor the leukocyte 
alkaline phosphatase activity rose considerably, hut the degree of elevation was 
quite variable, ranging from 124 to 410 and averaging 213 mg. 72 hours after 


A, 




Fig’. 2.— A, Serial post-partum leukocyte alkaline and acid phosphatase activities and 
white blood counts from a subicet who delivered vaginally as well as cord blood and ma¬ 
ternal leukocyte phosphatase activities at delivery are shown. While the alkaline phosphatase 
activity rose considerably during the early pueipcrium. only a slight rise in the blood leukocyte 
.. - period studied. B, Data are from a patient who was delivered 

after 20 hours of labor because of cephalopclvic disproportion. A marked 
md of labor was not accompanied by a comparable increase in leukocyte 
activity. 


delivery. In some instances the post-partum enzymatic activity increased 
markedly bnt the I'ise was not associated Avith an appreciable increase in the 
concentration of circulating leukocj'tes; in other instances the opposite was 
true. Data from 2 representative studios are shown in Pig. 2, A and B. In 
Pig. 2, A, a normal vaginal deliverjq an increase in leukocyte alkaline phos¬ 
phatase activity from 111.5 just before delivery to 285 mg. 5 days later was ac¬ 
companied first by a slight rise and then by a slight fall in the white Ifiood cell 
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Number 3 

count In the case demonstrated m Fig 2, B, a cesaican section uas peiformed 
24 hours after the onset of labor because of cephalopch ic disproportion Dining 
laboi within a period of 20 houis the leiikocjtc count rose fiom 16,750 to 
31,150 per cubic millimeter, but uith this rather intense Icukocitosis a com 
parable increase in lcukoc 3 te alkaline phosphatase actiMti uas not detected 

The leukoc\te alkaline phosphatase actl\lt^ in cord blood ^^as less than 
the maternal leukocyte actnlt^ at delucii, instead it uas quite similar to that 
in maternal leukcej^tes dunng the thud tiimcstei, aieraging 77 mg in the 
former and 76 5 mg in the lattci In onh one instance uas the coid blood 
leukocjtc enz 3 Tnatic actuit 3 highci than m the matcinal blood obtained at the 
end of labor 

In one of the 2 subjects with a fetus dead in utero 8 weeks aftci fetal 
death the lcukoc 3 te alkaline phosphatase actuitj was 56 mg while the leuko 
C 3 ^e concentration was 7,080 pei cubic milhmetei, in the other in whom the 
fetus was dead for moie than 4 weeks the alkaline phosphatase actiMt 3 ^ was 
103 5 mg and the lcukoc 3 tc count was 13,200 per cubic millimeter 

DISCUSSION 

It IS apparent that cluung normal pregnant) there is a considciable in 
crease in Icukoejte alkaline phosphatase actnit) Tlic increase usually begins 
during the first tnmestcr of piegnancv before an\ change in the concentration 
of circulating leukoc 3 tcs is noted It reaches a plateau duiing the second 
tnmestei and then rises rather abiupth during laboi and tlic earh post partum 
period During picgnancj and the carh puerperium the degree of delation 
of leukocjtc phosphatase actmt)’ and the increase in blood leukoc 3 te lei el 
frequentl) are not of comparable magnitude Sue to 7 weeks aftei deliieii the 
leukoc 3 te alkaline phosphatase actiiiti appioaches the normal nonpiegnant 
level 

The mechanism b) which the increase in alkaline phosphatase actiiit 3 is 
produced is unknown Tlic observation of elevated leukoc 3 te alkaline phos 
phatase activity in 2 subjects with piolonged intiautenne retention of a dead 
fetus suggests that the increase in enzv me activ ity is not dependent upon some 
thing elaborated bj the fetus 

Valentine and associates'* suggest a lelationship between adienal coitical 
activity and leukocj’te alkaline phosphatase activ itv since the administration 
of corticotropin gel intiamuscularl 3 oi of laigc doses of cortisone or li 3 dro 
cortisone oiallj to noimnl subjects pioduces an increase in leukocjte alkaline 
phosphatase activit 3 ’’ 

There is considerable evidence of incieased adrenal function duiing noimal 
pregnanc 3 The human placenta contains a material which has many of the 
activities of ACTH as well as the same elcctiophorctic pattern as ACTH"* ® 
Gemzell® and Bayhss and associates’ have demonstrated a several fold increase 
m 17 hydrO': 3 ’^eorticosteroid concentration in plasma duiing pregnauev A 
furthei inciease is noted following labor according to Jligeon and co workeis ® 

These observations suggest but do not piovc that the nse in leukocyte 
alkaline phosphatase activit 3 duiing noinial pregnancy is iclated at least 
m part to an increased pioduction of coiticoids during normal pregnancy 
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SUMMARY 

1. Lcnkocytc alkaline and acid phosphatase activities were measured during 
pregnancy and the puerperram. 

2. Lcnkoc^'tc aeid phosphatase activity did not change during pregnancy 
and the puorperium. 

3. Alkaline pliosphatase activity rose early in pregjiancy to reach a 
plateau during the second ti-imester and tlien during labor and tlio early post¬ 
partum period it -was further elevated. 

4. The mechanism vhich causes this inci'case is unknown hut tlie possi¬ 
bility that it is related to increased adrenal fiuiction during pregnancy is 
suggested. 

UKFKKKNC’KK 


1. Valentine, tV. N., and Beck, W. S.: Rioclicmical Ptiulies on Dcukocytcs. I. Phospliafapc 

in Ilealtli, Leukocytosis and Jlyeloej'tic Leukemia, -T. L.vu. & Cmv. SIed. 38: .3!), 1!)3L 

2. Valentine, W. K., Pollettc, .T. 11., Hardin, E. B., and Bock, \V. ft.: fltudics on Leukocyte 

Alkaline Phosphatase Activity in Relation to Stress and Pituitary Adrenal Activities, 
J. Lab. & Cun. Med. 44: 219, 19,14. 

3. IViltsharv, E., and ^lolouey, lY. C.; Hi.stocheinical and Biocheinioal Studies on Leuko¬ 

cyte Alkaline Phosphatase Activity, Blood 10: 1120, 19,15. 

4. Jailor, ’,T. tV., and Knowlton, A. I.: Simulated Adrenocortical .Vetivity During Preg¬ 

nancy in Addisonian Patient, J. Clin. Invest. 29; 14.10, 10,10. 

5. Assali, N. "S., and Ilamermcs,!, ,1.: Adrcnocortieotropie Substances from Human Placenta, 

Endocrinology 55; 5G1, 1934. 

6. Gomzell, C. A.: Blood Levels of IT-IlYdroxy-Coiticosteioids in Normal Pregnancy, ,T. 

Clin. Endocrinol. 13; SOS, 1033. 

7. Baj-liss, R. I. S., Browne, .1. C. Me., Pound, B. P., arid Steinltock, A. IV.: Plasma 17- 

Hydroxy-Corticosteroids in Prcgnaircy, Lancet 1; 02, 10.13. 

8. Migeon.'C. E., Prystowsky, H., Grumbaeh, 31. M., and Byron, M. C.: Placental Passage 

of 17-Hydr6xy-Corticosteroids: Comparison of the Levels in Maternal and Fetal 
Plasma "and Effect of ACTH in Hydiocortisono Administration, ,1. Clin. Invest. 35: 
488, 1930. 



EXPERDIENTAL A^tlNOXUCLEOSIDE XEPIIROSIS IN RATS 


Elcent: B Fiegelson, D , John W Dn\KE AID, vnd Lilli \n Recvnt, AID 
St Louis, AIo 

AVitii the Technic \l A^^^^i&tvnce of AIvr\ B Koch ^nd Nelue Giio'^sw \sser 

INTRODUCTION 

T he nephrotic sjTidrome is chaiactenzcd bj protciiiniia, hviioalbuminenna 
hypeiliperaia, and edema In in«m it is associated i\ith such uudeh \aned 
pathologic states as glomenilonephiitis, ainj loidosis, diabetes melhtus, lupus 
crvthematosus, and the adnimistiatioii of the drug, tnmethadione' Though 
the fundamental lesion appeals to bo a renal defect uuth piofouud piotcinuiia, 
the metabolic pathogenesis of the s^mdiome is still obscuie 

E\peiimental nephiosis has betn produced in rats by 'in immunologic 
mechanism naineh, the injection of antiiat kulne> senim'’ ® This disease 
lesemblcs glomerulonephntis, and its metabolic^ * and histologic charactciis 
tics ha^e been amply studied “ ’ Rtcenth FrcnK, Antonowicz, Ciaig and 
Aletcoff® lepoitcd that G dimetlnlaminopuiine 3 ammo d iibose induced ne 
phiosis in lats It seemed peitinent to in%estigatc this dmg induced smdiomo 
and to compaic it mth the cNponmintal immunologic disease 

This papei is concenicd uifh a stiuB of ammonucieoside induced nephio 
sis 111 rats The couise of the disoidci, the metabolic and histopathologic 
changes, as ^^ell as studies of adicnal coitical function and lesponse to steioid 
therapy are described 

E\rERIMFNT\L 

Immature male Sprague Dawle^ rats xreighing 90 to 100 grams were used Twent^ '•ix 
control animal^ 7 of which •nere treated with cortisone, and 27 nephrotic aiiimal'5, 12 of 
uhich al«o recei\ed cortisone, were «tudicd Kats were enged indi\iduallv m metabolic 
iinit^! \fter two da\s of adjustment to the cages and to the Purina rat chow diet, studies 
were begun Dailv «!ubcutaneous injection^ (0 3 ml per lOO gram rat) of a 05 per cent 
solution of 6 diraeth^laminopunne 3 nmino d ribose* were gi'en Controls received in 
jections of distilled water Injections were continued throughout the studv In the first 
experiments animals were sacrificed 'enalU from the •sixth to the fourteeth day of injec 
tion, while in later studies, animals were sacrificed from the twelfth to the fourteeth 
da\ Corti«one acetate (2 5 mg per dav) was gi\en •subcutaneou'h to the animals indi 
cated from the on«et of proteinuria until «acrifice In one stud^ control ammals and 
•steroid treated nephrotic animals were pair fed with the untreated nephrotios the latter 
being provided with food and water ad litUum A.nimal« were weighed daih, and the 
total dailv unnarv protein excretion wa‘« determined h\ the Esbach method ? At the time 
of sacrifice, rats uere decapitated and blood ms collected with heparin as anticoagulant 

From the Vutrition Research Laboratories Deparlment of Pre\entue 'Medicine Mash 
Ington Unuersit> School oC 'Medicine St Louis ilo 
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for clieiiiical detorminations. Total and frnctioual ierum proteins were dotenninod by the 
Lou-ry inicrotoelinique'' lining a Ho^ve fractionation ractliod.!' Serum cholesterol was 
measured by the method of Saifor and Kamracrer»o and nonprotein nitrogen by the 
method of Koch and ^IcJIeckin.n Diver glj-cogen analj'scs were made immediately on 
removal of liver tissue by the microtechnique of Waalas.m Pooled samples of both serum 
and uiine were subjected to paper electrophoresis, b_\ use of a barbiturate bufTcr adjusted 
to a pH of S.C. 

Studies of adrenal cortical function were carried out. Adrenal glands obtained from 
control, nephrotic, and cortisone-treated nephrotic animals were dissected free of fat, 
weighed, bisected, and incubated in a glucosc-Ringer-phosphatc bulTor to which one unit 
of ACTII had been added. At the end of a two-hour incubation in the Dubnolt shaker 
in an atmosphere of 0., at .17° C., the quantitative production of steroids was measured bv 
a .spectrophotomotric method described by Eisenstein.ia Qualitative identification of 
these steroids was made by paper ehromatography.i-i For histopathologic studies, homa- 
to.vylin-cosin, fat stains and iieriodic acid-frehiff stains wore made of sections of kidney. 
Routine staining procedures were used for other organs studied. 







Fig 1.—Appearance of tlie neplirotic rat. 

RESULTS 

A. Course of the Disease .—Aniinoiiueleoside injections produced a nephrotic 
syndrome in all animals witli remarkable uniformity. Proteinuria appealed as 
the earliest manifestation and was followed by accumulation of ascites. In Pig. 
1 the characteristic appearance of the nephrotic animal ma}^ be seen. Aftei 
these manifestations had appeared, cessation of injections did not alter the out¬ 
come of the disease. None of the animals survived bej^ond the sixteenth daj. 
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Fig 2—Effect of amJnonuc/ooside {njcction on weight curves and proteinuria in pair-fed 

animals. 


CONTROL 



y p K, ALa 


SCRUM 


URINt 


SCRIA4 


URiNt 


9TH DAY OF DISEASE 



I2TH DAY OF DISEASE 



ALB 



Fig 3—^Diagrammatic representation of paper elcctrophoietic patterns of pooled urine and 
serum samples obtained from animals injected with amlnonucleoslde 
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Fig- 5. —^Relationship between serum cholesterol and albumin le\els 
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Number j 

Random niine e\aminatious ie\ealcd piotcimuia, homogeneous and gianulai 
casts, and a fe\\ lilood cells Neitlici icd blood cells noi glucose 'wcic 

picsent 

Weight cui\cs dining the couisc of the disease aie shown foi pan fed 
animals (Fig 2) It ma^ he seen that, despite lapidh accumulating ascites, 
after the tenth daj, the slope oi the weight cuiie ot the nephiotic animals did 
not change maikedlj, indicating piobable tissue piotein losses as fluid was le 
tamed Administiation of coitisonc did not fa^olabh aftcct the com sc of the 
disease A stnlung inhibition of weight gam was noted in steioid ticated am 
nials, though ascites was pi Lsont in eiei \ Oise (Fig 2) 

Pioicxmuxa Pioteinuiia began between the si\th and eighth da^ of m]cc 
tion, usually becoming massuc b\ the tenth da^ (Fig 2) No animal c\cietcd 
less tlian 60 mg piotein pci dai The fwerage exciction was of the oidei of 100 
mg pel da^ Elect!ophorctic patterns of the uiinai\ proteins indicated that 
albumin appealed in the mine fiist and was followed in latci stages of the 
disease bj the excretion of alpha, beta, and gamma globulins Serial elcctio 
phoietic patterns obtained fiom pooled uiinaij samples maj be scon in Fig 3 
No significant differences, quaUtatue oi quantitatn e, woic noted in the pro 
temmia ot steioid ticatcd lats 


Table I 



1 CONXrOLS 1 

CONTROLS 
+ COPTISONE 

1 NmiroTics 

1 NEPIIROTICS 
t + CORTISONE 

Scrum Albumin 
(Gm %) 

27+ C2 (13) 

2 86+ o8 (o) 

1 2 + 46 

(14) 

12*+ 69 (9) 

Totil Strum Protein 
(Gm %) 

4S + 50 (16) t 

4 89+ 63 (") 

3 24+ 79 

(14) 

318+98 (12) 

Cholesterol 
(mg %) 

109 + 26 (17) 

162 + 38 (7) 

4o2 +175 

(15) 

561 ±244 (12) 

Nonprotein Nitrogen 
(nig 9&) 

275 + 17 (19) 

26 + 13 (o) 

110 + 48 

(13) 

82 ±91 (9)J 

Liter Gl) cogen 
(mg/Gm net 
neiglit) 

22 2 + 16 (19) 

43 2+n (o) 

85 + 32 

(9) 

15 4+ 134 (7) 


•Mean + standard deM-ition 

tNumber of animals 

JOne spuriousl> high value Included 


IIxjpop) oteinexma The Ie^ cl of senim albumin fell stiikinglj in the ammo 
nucleoside injected animals following se\cial da^s of piotciiuuia (Fig 4) 
Table I shows tlie mean level of seiuin albumin and total piotein in all the am 
mals studied It is noteworthj that coitisonc did not altei the piotein lei els 
in nepliiotics In Fig 3 the qualitatne elcctiophoietic changes in scium pio 
teins mai be seen Albumin lei els decrease while «« globulin incioases markedh 
It IS of mteicst that these patterns closeh lesemble those in human nephiosis 
Similar changes oecuiied in coitisone ticated nephrotic lats 

Hypetcholestetolcmta The concentiation of scium eliolosterol increased 
significantly as the sMidiomc piogressed (Fig 4) Elciations appealed to coi- 
iclatc w*ith the seium albumin dcciease (Fig 5) Table I shows the mean change 
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noted in all the groups studied. A higher le\'el of eholesterol was ohserved in 
all cortisone-treated animals as compared Avith their controls, but this difference 
did not prove to be statisticallj' .significant. 

Serum Nonprotein Nitrogen and Liver Glycogen Levels: Progressive rise 
in nonprotein nitrogen Avithout oliguria Avas noted in all animals treated Avith 
aminonucleosidc. The levels attained may be seen in Table I. 

Liver glycogen loA'^els Averc uniforml}' loAA'cr (Table I) in the nephrotic 
animals and this could not be explained on the basis of deficient food intahe. 
Cortisone significantly increased the level of liver glycogen. 



B. Studies of Adrenal-Cortical Function in Vitro: Six controls, six nephrot- 
ics, and four cortisone-treated nephrotic animals Averc studied. The adrenals 
Avere incubated in vitro AA'ith ACTII and steroid formation Avas measured. _Lo 
significant differences in adrenal gland AA'cight or quantitative steroid formation 
could be demonstrated betAveen control and nephrotic animals (Pig. 6 ). Corti¬ 
sone treatment of nephrotic animals resulted in a 30 per cent reduction in steroid 
formed per 100 mg. of adrenal tissue and a 50 per cent reduction in adrenal 
Aveight. It Avas of some interest that paper chromatography of the steroids 
produced in vitro shoAved no abnormal increase in aldosterone in the nephrotic 


group. 

C Pathologic Studies.— Gross: AU tissues examined Avere foiuid to be 
edematous and pale. Ascites and liydrothorax Avere noted. Abdominal organs 
appeared normal except for the hidneys. The latter Avere en urged and Avere 
very pale. The capsule stripped Asutli ease and the surfaces of the kidneys Are 

smooth. 
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jMicroscopic: Examinatiou of tlic liver, adrenal, and pancreas revealed no 
abnormalities. Kidney sections may be seen in J?ig. 7. Nonspecific clianges in 
the glomernli consisting of a fi.ayed appearance of the basement membrane and 
general fullness of the glomerular tuft are seen in Fig. 7, B. In some eases 
Bowman’s capsule appeared distended. Casts weie seen in the tubules, and in 
sections from those animals in the later stages of the disease (Fig. 7, B) much 
fat staining material could be seen in tubular epithelium, endothelium, and 
blood vessels. It uas not possible to desciibe basement membrane thickening 
in the PAS stains (Fig. 7, C)* 



c D 

Fig 7 —Histopathologic section of rat kidnej A, Control, H and E stain , B, nephrotic H 
and E stain, C, nephrotic, P.4S stain. V, nephrotic fat stain 


DISCUSSION 

The cxpeijments dcsciibed indicate that 6 dimethjlaminopiuinc-3 ammo- 
d-i*ibose is a potent nephrotogenic drug in rats A classical nephrotic syndrome 
^\as produced over a period of 14 days The sequence of etents appeared to be 
massue piotein loss me the kidney, starting on the si\th daj, vith secondary* 
hj’poprotememia and edema. The hj’pcreholesteiolemia developed only ^^hen the 

*We are indebted to Dr W Stanlej Hartroft for interpretation of these sections. 
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serum proteins were significantly depressed. The development of the elevated ( 
serum nonprotein nitrogen was rather surprising in view of the minimal ' 
anatomical changes in the kidney. One is impre.ssod that this drug-nephrosis’ \ 
closely resembles the antikidney serum nephrosis. The changes in the serum and 
iTi-inary proteins, the hyperlipemia, and the depressed levels of liver glycogen 
are strikingly similar, despite the different tcehniques of induction. However, 
certain differences between these two varieties of nephrosis were observed. Rats 
made nephrotic with antirat kidne.v serum have hematuria and usualbv a deposi¬ 
tion of fibrinoid material in and around the basement membrane of the glomeru¬ 
lus, in contrast to the drug-treated group. Perhaps the most striking difference 
is scon in the response to cortisone. In this study, steroid-treated nephrotic 
rats were adversely affected by doses of 2.5 mg. per 100 grams body weight. This 
was particularlj" notable in their weight curves. As the levels of serum protein, 
proteinuria, and accumulation of ascites were similar, it is assumed that the de¬ 
crease in weight gain seen in the corti.sonc-trca1cd group reflected a decrease in 
tissue protein. In the studies reported-- ^ rats made nephrotic with antikidney 
serum responded favorably to the .same ciuantity of cortisone as we msed in our 
experiments. There occurred a decrease in proteinuria, edema, and in the base¬ 
ment membrane changes. 

No evidence of adrenal hyperfunction in the drug-nephrosis was observed. 
The glands were of normal size and hyi)crsccrction of aldosterone conld not be 
demonstrated. This certainly docs not rule out endogenous hypcraldosteronism, 
since these experiments were performed in vitro with exogenous ACTH added. 
However, Eisentein’'’ demonstrated an increase in aldosterone secretion by salt- 
depleted rat adrenals. These data coupled with the finding of adrenal gland en¬ 
largement in the antikidney scrum group,'"' as well as the difference noted with 
respect to cortisone response, suggest that a fundamental difference may exist 
in adrenal function in these two s\mdromes. It is not known whether such 
differences maj' be found in the variety of human nephroses. There are eertainl}' 
cases of human nephrosis which do not respond to steroids. The question, how¬ 
ever, of dosage of steroid must be raised both in the human and the animal ex¬ 
perimental group. It is possible that larger doses might result in a favorable 
response. 

The mechanism bj' which the aminonucleoside sjmdromc is induced presents 
an intriguing problem. The probability that the nucleoside produces profound 
enzymatic aberrations seems likely in view of the fact that there is so little 
evidence of morphologic changes in the kidnej's and other tissues. It seems 
reasonable, therefore, to consider the chemical nature of this drug and to ex¬ 
amine its potential role in metabolism. 

Puromycin, an experimental antibiotic obtained from Actinomyces alhoni- 
ger, is the parent compound of the aminonucleoside. In Fig. 8, the chemical 
structures of both of these compounds as well as of adenosine, a physiologi¬ 
cally important purine, are sho^vn. It is apparent that they both resemble adeno¬ 
sine and differ from each other only in that the nucleoside has a free amino ' 
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group on the iibose mocitj, while Piiiomjcin Jias the ammo gioup tied up in 
amide linkage Both PuioniAcin and the nucleoside have been lepoited to be 
effective against e\perimcntal paiasitic mtcctions (tivpanasomiasis, amebia- 
sis)^** and also against c\peinnciital tuinois m mice*® Puiomvcin has been 
used in several cases of fai advanced Imnian tumoi Studies of the phaima 
cologj and to\icitj of Puiomvcin in lats indicate that the diug has a low level 
of ncphiotoMcitj Ascites and lenal casts liavc been described oiilv with the 
mtraperitoneal admimstiation oi doses of 10 mg pei 100 giarn lat foi ten 
davs 01 longei In the c\pciiments with the nucleoside, doses of less than 15 
mg per 100 gram lat pioduced a stiikmg neplnotic svndiomc It seems likelv 
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Fiff 8—Chemicil structure of adenosine aminonucleosi 1c and Puromjem 


that the structuial difference, namelj the fiee ammo gioup m the nucleoside, 
is m some way related to the potenev of the nucleoside as a nepluotogenic agent 
The similaritj of both diugs to adenosine suggests that thej mav function as 
competitive analogues of adenosine At the picscnt time, studies of the median 
ism of action of the nucleoside arc undci wav in oui laboratorj 


SUVIVIARV 

Experimental nephiosis has been produced m lats bj the administration of 
6 dimethjlaminopuime 3 ammo d iibosc The coiuse of the disease, ceitam 
of the metabolic changes, and the histopatliologv have been desciibed No cvi 
deuce of response to steioid theiapj was obtained Tlic possible mechanism of 
action of the drug has been discussed 
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DIPrrSRENTIAL DIAGNOSIS OP GASTRIC ULCER AND CANCER BT 
A STUDY or JLVXIMALLY STIJIULATED GASTRIC SECRETION 
B I IIiRSCHomTz, IID , MR CP, J A London, MD , a>sD 
n S AViggins, Ph D 
Ann Arbor, Mich 

T he diffciential diagnosis of benign and malignant lesions of the stomach 
lennins i difficult problem despite the number of diagnostic aids that are 
available In any of these, the overlap betneen rallies obtained in these tiio 
conditions is sufficientlj laige to Icaie room for considerable doubt “ This 
applies paiticiilailj to the vaiietj of gastric seerctorj function studies used— 
diiect gastiic anahsis for a stiidj of acid content, emplojung test meals, alcohol, 
01 a single dose of liistaniiiie, and indirect gastnc “anahses” using dje or 
quiiionium exchange resins, and the plasma and urinary pepsinogen estimations 
Rndiolosi and gastioscopj and gastnc cjtologj are superior to gastrie function 
tests, but still fail to clearly distmguish ulcei from cancer in a moderate number 
of cases 

Tins report desciibes the results of an attempt to distingiiisli gastnc ulcers 
flora gastiie cancels hi eraploiing a maximum stimulus of gastrie secretion in 
the foim of an intiaicnous infusion of histamine This test has peiimtted the 
diffeientnl diagnosis botueen utcci and cancel iiitli a high degree of certaintj 

METHODS 

The -^tudr comprised 15 pitients with cancer of the stomach, proved histologically in 
13 and by gastroscopy and radiology rn 2, one of uhora had in addition a cancerous node in 
the nccl pro\ed histologically, and IG patients with benign gastric ulcer, 3 proved liisto 
logicnlU and the remainder folloived radiologicallj or gastroscopicnllj to complete hc'iling 
All had been hospitalized The age of the cancer group was 3S to 78 years (mean 61 years), 
and in the ulcer group 25 to 70 jears (mean 51 jears) 

The gastric analj'cs were performed in the fasting state LeMnc tubes were passed 
oralK or nasallj according to the patientpreference and in most instances were positioned 
fluoroscopicallj at the greater curve approximately opposite the angulus Continuous sue 
tion was emplo'ed supplen ented at 15 minute intervals with syringe suction to complete 
consecutive 15 minute samples After four 15 minute samples in the unstimulated (basal) 
state an infusion of histamine (5 5 mg histamine diphosphate [= 2 mg histamine base] 
in 1,000 ml plijsiologic saline to which had been added 20 mg Benadrjl to prevent side 
clTects) was started and given at the rate of 65 to 100 drops per minute for four to eight 
15 mmute periods additionally The patients flushed within a few minutes and the rate of 
infusion, which was not critical, was adjusted to leep the patient flushed The Benadrjl 
kept the patients a little drowsj In two instances in about 120 such studies, neither of 
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them in this series, minor side effects were encountered—one subject had a severe lieadache 
and one some lirouchospasm. Both were relieved within 5 minutes by the additional in¬ 
travenous injection of 10 mg. Benadryl. In no instance was it necessary to discontinue tlic 
test prematurely. An advantage of this form of histamine administration is that tlie effects 
of histamine (flushing and gastric stimulation) cease within 3 to 10 minutes after the in¬ 
fusion is stopped. 

^laximal gastric secretion was apparently maintained as long as the patient was 
flushed (usually (50 to SO drops per minute) and further increase to 120 drops per minute 
in (1 experiments caused little or no change in volume or composition of gastric juice. This 
steady .'^tate of maximal gastric secretion can be maintained up to G hours without decline 
of output of acid or pepsin.i Reproducibility: One of the cancer patients was studied on 
five separate occasions at two-woek intervals, and though the basal secretion varied con¬ 
siderably, secretion under histamine stimulation produced the same maximal plateau within 
2 to .3 iiioq. of [IB] and (Cl'] 5 ml. of volume per 15 minutes, and 100 P.TJ. per milliliter, 
on each occasion. Similar observations were made in five normal subjects, to be reported 
elsewhere. 

Free hydrogen ion coneentratiou ([II*]) was measured by electrometric titration (end¬ 
point pH 3.3) against 0.1 N NaOIl; total chloride ion concentration ([Cl-]) was measured 
potentioinetrically employing oU per cent AgNO, delivered from a microburette into a 2 ml. 
sample of ga-^tric juice in aj)proximately 10 ml. of ±1.0 N UNO,. Pepsin concentration 
(P.U./ml.) was measured by the hemoglobin nvethod previously described.! ^Measurements 
of pH were made with the sealed glass electrode. 

RESULTS 

The results could not be relaled to the age of the patient or the duration or 
extent of the disease. 

The volumes of gastric juice per 15 minutes and the concentrations of free 
acid, total chloride, and pepsin are shown in Figs. 1 to 4 and in Table I. All 
the samples obtained in tlic basal state and all tlie samples in the stimulated 
slate, with the exception of the first sample after starting histamine, in all 31 
patients, liave been included in the graphs. 


Table I. Mean Values for Volume anb Composition op Gastric Juice in Gastric Ulcer 

AND Cancer 


rrrE or , 

SAMPLt: ! 

[ disease i 

^'■0. OF 

1 SAMPLES 

1 VOLUME 

1 (ML./15 

1 MIN.) 1 

1 I>.U./ML. 1 

FREE II 1 

1 (meq./l.) I 

1 TOTAL II ! 

1 (meq./l.) ! 

1 total cl" 

1 (meq./l.) 


Cancer 

59 

17.3 


2,2 

7.4 

SS.G 

Basal 

Gastric ulcer 

51 

20.0 

81G 

21.3 

29.3 

111.0 


% Overlap* 

— 

97.0 

SS.O 

79.0 

96.0 

91.0 


Cancer 

118 

23.3 

600 

27.0 

36.0 

110.8 

Stimulated 

Gastric ulcer 

05 

3G.S 

1,140 

102.2 

109.0 

151.0 


% Overlap 

__ 

87.0 

65.0 

21.0 

IS.O 

13.0 


*The percentage ot the total number of samples which fall in tlie area of overlap be¬ 
tween ulcer and cancer indicate the chance that any one sample could have come from either 
group. (See also Pigs, l to 5.) 


Vohme of Gastric Juice (Fig. 1).—^While the 15-minute volumes of gastric 
secretion in the basal state were almost identical in the two diseases, the mean 
volume during histamine stimulation in the cancer group was only 63 per cent 
of that in the benign ulcer group (Table I). The overlap of values, however, 
was sucli as to make the difference in volumes meaningless for differential 
diagnosis. 
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The Conccniraixon of Pcp\in in Gastric Juice (Fig. 2),—Though the mean 
concentration of pepsin in the basal state ^^as 2*4 times and in the stimulated 
state almost twice as large in the benign as in the malignant lesions (Table I), 
the overlap (Fig. 2) of SS per cent and Go per cent, respectively, robs this 
measurement of any value for diffeiential diagnosis. 



eMcCK (is> •caifH «u til) 


Fig 1—Volume o£ gastric juice secreted In the bas<it state and during histamine infusion. 
Each point represents one lo-mlnute sample 

tIM, , 



UKIB BIBIM ail 

Pig 2—Concentration of pepsin In gastric juice (PU/ml ) Each point represents a single 
is-minute sample in the respecti\e group 

The Concentration of Free H* (Fig. 3).—Differences between the benign 
and malignant lesions in the concentration of free were more obvious than 
differences in volume or pepsin concentration. In the unstiniulated state, 52 
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Fis-S.—Tho concentration ot free add «pH 3.3). Each point represents a slnple 
sample. In Uie stimulated groups the first sample after the start of histamine Infusion has 
been eliminated. 
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of 59 samples contained no fice acid in the cancel patients, ivheieas 11 of 51 
samples in the iilcei gioup contained no fice acid but the o^eilap uas such that 
80 pel cent of samples could ha\c come fiom citliei group In the stimulated 
state, 40 of 118 samples contained no fice acid in the cancer gioup and the 
ma\imum coiicentiation icached uas 90 mcq/L In the ulcci gioup the flee 
acid langed fiom GO to 145 mcq/L and the o\eiIap uas 21 pei cent of all 
samples, occiipjmg the laiigc of acid fiom GO to 90 meq/L, lca\ing some room 
foi doubt in the diffeicntial diagnosis The maximum fice concentiation 
(Table II) Mas 10 meq/L in 8 of the cancer patients, in the other 7 the 
maNimum inngcd fiom 60 to 90 mcq/L 


Table II Maximum Values in Fven C\sr op II*, Cl, and Pepsin Concempation Usdfp 
Maximal Stimulation The Values in Each Column Do Not Necessvpilt Come 
FroM THE Same Pvtients in the Opdep in Wuicn Tiie\ Vpe Pkesented 


MAXIMUM 

h*/meq /L I 

MAXIMUM 

P U /JIL 1 

1 M VMMUM cl /MEQ /L 

GASTRIC ULCEP | 

CVNCEP 

GASTPIO ULCEP 1 

CAN cep ! 

1 G\STriC ULCEP 1 

CANCEP 

145 

90 

2,800 

1,480 

174 

140 

144 

84 

2,300 

1,420 

173 

136 

139 

81 

2,300 

1,300 

163 

134 

130 

78 

2 300 

1,210 

161 

133 

130 

77 

1,830 

1,150 

159 

132 

126 

S2 

1,630 

1,080 

157 

130 

115 

00 

1,460 

1000 

157 

126 

114 

10 

1,320 

900 

156 

114 

112 

C 

1,300 

760 

154 

113 

110 

6 

1280 

650 

153 

112 

108 

0 

1,230 

570 

149 

112 

106 

4 

1,140 

570 

148 

108 

104 

0 

1,090 

410 

145 

106 

102 

0 

070 

360 

144 

100 

90 

0 

930 

2o0 

140 

82 

84 
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The Concent)atxon of Total Chloxxde m Gastiic Jwee (Fig 4) —The chai 
acteristic normal response of the concentration of chloride in gastric juice in 
man to stimulation is an iiieicase fiom a le^el usuallj below 135 meq/L in the 
basal state to a le^el between 135 and 175 nicq/L in the stimulated state This 
chaiacteiistic has been obse^^ed in gastric ulcers (Fig 4), in duodenal ulceis, 
and in noimal subjects (unpublished obsei\ations) In sliaip contrast to this 
response, the patients with gastric cancer, undei maximal histamine stimulation, 
haae le^els of gastiic juice chloride -which coirespond almost exactly to the 
le\els of chloiide in the normal unstimulated gastric juice (Fig 4) The o-ver 
lap between the two gioups of all stimulated samples was only 13 per cent of the 
total 

Dxffe) ential Diagiiosis hy Comhined Use of [JI*} and [Cl"] —In plotting 
the concentrations of fice II* and total Cl” (Fig 5) under maximal histamine 
stimulation, the first 2 samples after starting histamine were excluded so as to 
be sure of using onlj unmixcd stimulated samples Of the samples from benign 
ulcers, all but one fell into the aiea of the giaph defined by the lower limits 
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135 mcq./L. Cl” and 80 nicq./L. IIL All the samples from the cancer patients 
fell outside these coml)ined limits. Tliis allowed 100 per cent differentiation 
between these two conditions in the 31 patients reported here. 

AcMorhijdria, Anncidity, and Aclnjlia .—If achlorJiydria is defined as the 
absence of free but the production of combined acid (pH 3.5-6.5) and anacidity 
as the inability to produce any acid (pll 6.5-7.0) with or without stimulation, 
one patient had achlorhydria (pH 4.6) and two had anacidit.v, while the rest 
all produced free acid (pll < 3.3). However, no patient in either group had 
ach.vlia (the absence of acid and pepsin, as in pernicious anemia), since the two 
patients with anacidity had pepsin levels about 10 times as great as those found 
111 pernicious anemia. 

GASTRIC AND Cl" IN STOMACH LESIONS 
(ALL UNDER max. I. V. HISTAMINE STIMULATION) 

160 

MO 

120 

mEq/l 

I 00 

80 

60 

40 

2 0 

0 

70 80 90 100 tfO 120 DO 140 150 160 170 

Cl* mCq/I 

Pig-. 5 .-—Combined plot of H+ and Cl- of all samples of gastric Juice in the stimulated 
state with the first two after starting- histamine infusion eliminated. This shows virtually 
complete separation between cancer and ulcer. 

Exceptions to the Bute .—One patient, not included in the above descrip¬ 
tions, who had a bleeding duodenal ulcer of long duration and who also had 
carcinoma in the stomach, omentum, and liver, provided the one exception in 
this stndj-. He liad a 15-miniite volnine of gastric secretion in the basal state 
of 117 ml., free H+ concentration of 134 meq./Tj., Cl” concentration of 157 
meq./L., and pepsin concentration of 640 P.U./ml. Xo further increase could 
be obtained with histamine stimulation. This hypersecretion in the “basal” 
state exceeded the values obtained in most dvTodenal ulcer subjects under 
maximum stimulation. Xo explanation can be offered for this phenomenon. 

If hyposecretion be defined as the response to histamine which falls in the 
lower left-hand quadrant in Fig. 5, the same response has been found in one 
apparently healthy subject, in 2 patients with complete vagotomy, and in a 
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patient i\ith niaikcd maluutiition and signs of pjiido\ine deficlenc^ No 
instance of an inadequate losponsc to stimulation has been obsei'scd in an^ 
patient with benign peptic iilceialion of the esophagus, stomach, oi duodenum 

Histology —^AVhilc the appcaiancc of the mucosa ^alled consideiabh, no 
stomach showed eithei od\aneed mucosal atiophj oi e\tensuc caicmomatous 
leplacement No obMous con elation between stiuctuic and function could be 
found No special studies other than routine hemato\jlin and cosm piepaia 
tions of tlic specimens wcic undeitaken 

DISCUSSION 

The composition of gastric juice in the unstimulated state diffeis considei 
abh fiom that found m the maximally stimulated stomach Since the teclmiques 
of collection of gastiic juice aie such that the stomach is not entiich diamcd 
ana tiansicnt stimulation will pioducc a gastiic juice of appaieiith low 
Cl , and pepsin, because of unavoidable adimxtuic of basal and stimulated 
secietion This applies espcciallj to the single subcutaneous injection of hista 
mine The piincipal objection to the tost meal, whatc\ci its composition is that 
a fixed volume of fluid of unluiowii chemical composition is added to a vaiving 
volume of gastiic sccictiou The icsultmg mixtuic, of unceitain volume because 
of loss tliiougli the pvloius, defies anj attempt to define the tiiic contiibutioii of 
the stomach Because of the laige cmpuical expeiiencc, howevci, some standards 
have been obtained (Osteibcig, Comfort) The phvsiologic knowledge gained 
fiom such studies, howevci, is similai to that which could have been acquiicd 
ot lonal function, if cveiv uimc sample wcio mixed with a howl of cooked 
lueakfast food bcfoie anahsis 

These objections to the euiientlv cmplojcd techniques foi gastiie soeietorv 
iunctiop studies are such as to cast doubt on the lepoitcdlv high incidence of 
achloihvdiia in noimals and in patients with gastiic lesions (foi a full discus 
Sion see the excellent review b> Comfort) and led to the seaich foi a technique 
which would supplv some mensme of the maximum secictoij capscitv of the 
stomach As could have been piedictcd, such a test would drasticalh ieduce the 
finding of aehloihvdria and eliminate the low values foi gastiic secretion in 
noimal stomaclis This was the finding in normals in patients with duodenal 
(unpublished) and gastiic uleei, wlio diffeied onh in the volume of gastric 
juice but not in its composition The qualitative differences between normal and 
abnormal mucosae have not been fullv evaluated because of the iclativeh small 
numbci of conditions studied and would have to be delineated fuithei for age 
and sex, foi spontaneous vanations in noimals and for the various disease states 
which affect the stomach At present in a ven limited studj, the qualitative 
difference delineated hv the chloiide “threshold" of 130 140 meq/L between 
iioimal basal and iioimal stimulated states has soitod out the canceious stomach 
and the v«igotomi7ed stomach as hvpoicactois 

Quantitative diffeiences in volume seeiction between individuals probahlv 
depend on the mass of functioning gastiic mucosa, so that it can be expected that 
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children -would have less gastric secretion than adults and that the volume would 
again decline in old age. This information would have to be sought in a larger 
group of subjects than studied here. 

The test of maximal secretory capacity described here has shown no evidence 
of anything approaching achlorhydria in any of the 16 patients aged 25 to 70 
years (mean age, 51 years) and anacidity in only 2 of 36 cancer patients. These 
were patients with advanced cancer, 10 being inoperable at the time of the 
study. From this figure of 2 patients Avith anacidity out of 36, one could say 
with 95 per cent confidence that between 2 and 40 per cent of all cancer patients 
would have anacidity at the time of clinically advanced cancer. Assuming the 
actual percentage found anacid in this studj^ ( 12^2 Pci’ cent) it seems unlikely 
that more had anaeiditj' earlier on, since acid secretion decreases with the 
advance of cancer (Comfort). It is possible, therefore, to visualize a failure to 
predict 80 per cent of eventual cancers of the stomach if cancer smweys restrict 
themselves to the anacid patient. The achlorhydric patient, however, does have 
an 8 to 10 times greater chance of getting cancer than the patient with free acid 
by the tests described by Comfort. It remains to be seen whether the qualitative 
abnomality such as ivas found in cancer patients in this study precedes or 
follows the cancer. 

The principal use of this test at pre.scnt, however, is in the differential 
diagnosis of gastric lesions. It is probable that, as larger groups are studied, 
more overlap between cancers and ulcers Avill become evident, but from the pre¬ 
liminary evidence in 31 patients the test appears to offer more than the other 
conventional tests of gastric function. 

SUMMARY 


The maximum gastric secretory response to intravenously infused histamine 
was measured in 31 patients, comprising 15 Avith cancer and 16 Avith benign 
gastric ulcer. 'While the mean volume of gastric juice and mean pepsin con¬ 
centrations differed significantly, the overlap of values ImtAvcen the tAA'o groups 
made these tAvo measurements A-alucless for differential diagnosis. The concen¬ 
trations of free II"^ shoAved less overlap and of total Cl" even less. The com¬ 
bined use of II and Cl concentrations alloAVcd differentiation betAveen ulcer and 
cancer Avith a high degree of certainty. 

By maximal stimulation of gastric secretion onlj'^ 2 of 16 patients Avith 
cancer had anacidity—an incidence loAA'er than reported found Avith other types 
of gastric analysis. 

AA'e are grateful for the technical assistance of Mrs. Esther Dullaert and Mrs. Sararuth 
McCool. 

REFERENCES 


1. IlirschoAvitz, B. I., London, J. A., and Pollard, H. M.: Histamine Stimulation of Human 

Gastric Pepsin Secretion, Gastroenterology 38: 37, 1957. 

2. ALanzant, F. E., Alvarez, AAh C., Eusterman, G. B., Dunn, H. L., and Berkson, J.: Tlie 

Normal Range of Gastric Acidity Prom Youth to Old Age: An Analysis of 3,74G 
Records, Arch. Int. Med. 49: 345, 1932. 

3 Comfort M. AA’^.: Gastric Acidity Before and After Development of Gastric Cancer: Its 
Etiological, Diagnostic, and Prognostic Significance, Ann. Int. Med. 34: 1331, 1951. 
4. Hirschoivitz, B. I., London, J. A., and Wiggins, H. S.: Cliloride ''Concentration Threshold” 
in Human Gastric Secretion, Clin. Res. Proc. (1957). In Press. 



DIFFERENTIATION OF POTjYGYTIIEMIA VERA AND SECONDARY 
POLYC\TIIEj\IIA by arterial oxygen SxVTURATION 
AND PULMONARY FUNCTION TESTS 
June M Fjshi- r, ]\I D Georgf N Bedfll, M D , wd Paul "M Seeboiim, il D 
low V ClT\, low V 

T he difterentiation of poljejtliomia \eia fiom secondafj poljcjthemia is 
somctiines a difficult task Ratio, Biiscoe, Moiton, and Comioc' ha^e dis 
cussed the thcoietical icasons that should mahe this distinction possible bj 
measiuing ai tonal 0 x 5 gen saturation Also thc\ point out the piactical 
obstacles The hj'iiothesis is this Uncomplicated pohcjthcmia ■scia should 
not lead to aitcrial hjpoxcmia Reduced aitciial oxjgcn satuiation in a pa 
tient with pohcjthcmia should indicate poljcjthemia sccondaij' to hy¬ 
poxemia This conclusion is questionable, howcvci, foi the following leasons 
(1) Patients with poljcjthcinia \cia usuallj aic moie than 50 jears of age, 
and hoaltin poisons in this age gioup ina\ haie slight icduction of arterial 
oxjgen satuiation^ (2) Patients with pohcvthomi'i \eia inaj ha\c con 
comitnnt lung disease which pioduces artcinl hjpoxcmia (3) Most patients 
with poljcjtlieima ^cIa whose aitciial blood has been studied ha^e no cm 
donee of aiteiial hjpoxemn,* ^ but thcic aic icpoits of aitciial hjpooxmia 
which IS considciod to bo sccondaiv to uncomplicated poljcjthmia ■voia^® 
Because of doubt about the intoipietation of aitoinl Inpoxcmia in patients 
with pohc\thcmia wc decided to undeitakc the piescnt studj This papei 
lepoits studies of aitciial blood and pulmoinn function in 13 patients with 
poljcythemia •\oia and 9 iiatients with secoiidaij poljcjthemia 

Patients who had a licmatociit of GO pci cent 01 gieater were considered 
polycythemic The clinical diagnosis of poljcjthemia ■\cia was made on the 
basis of the clinical findings of lcukoc^ tosis, high platelet count, and palpable 
spleen in addition to poljcjthemia Conditions capable of pioducing sec 
ondarj pohejtliemia such as cvanotic heait disease, lung disease, high alti 
tude, and ^espl^atol^ ceiitei depression wcie excluded Secondaij poh 
cjthemia was diagnosed wlien the patient had pohc\thcmia associated with 
cjanotic heait disease 01 lung disease in the absence of leukocjtosis, high 
platelet count, and palpable spleen 

jSJETIIODS 

The 22 patients iierc seen at the Unnersitj Hospitals or Veterans Hospital in Iowa 
Clt^ Each patient had a complete histor\, pha steal examination, and tlie indicated lab 
orator) tests The red blood cell, white blood cell, and platelet counts hemoglobin, and 

From the Pulmonarj Research Laboratory Department of Internal "Medicine College of 
"Medicine State Unuersity of Iowa Iowa Cit> Iowa 

This work was aided by grants from the American Trudeau Societ) and the Medical 
Trust Fund State Uni\ersity of Iowa 

Kecei\ed for publication April 10 1957 

•Fellow of the Iowa and American Trudeau Association 
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Table I. Physical Chaeactekistics of and HejIatologic Findings in Patients With Polycythemia Vera 
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hematocrit determinations were done in the clinical laboratory of the hospital Hemo 
globin was measured colorimetncalh by use of a ICIett Surnmeison photoelectric colorim 
eter Platelet counts Mere done bi the direct method Normal values for platelet counts 
m this laboratory are 100,000 to 300,000/ c mm 

The Mtal capacita, inspiratori capacity, and expiratory reserie aolume were meas 
med separately* by a Benedict Both spirometer The maximum of 3 trials a\as recorded 
The functional residual capacity of the lungs a%ns measured in duplicate l)\ the nitrogen 
uashout method of Darling, Cournaiid, and Richards ? Volumes ucre corrected to bodi 
temperature, ambient pressure, and saturated with avater sapor, hereafter called BTPS 
Rate, depth, and minuto aolume of acntilition uere measured uhile the patient nas 
breathing air, 90 6 per cent oxygen, and 7 5 per cent carbon dioxide in air Expired \ol 
umes were collected in a Tissot spirometer simultaneoush uith the dramng of s'miples 
of arterial blood Volumes -nere corrected to BTPS Umformita of intrapulmonan dis 
tribution of inspired gas was died cd b\ the single breath nitrogen test of Comroe and 
Fowlers and the measurement of the percentage of nitrogen at the end of 7 minutes breath 
ing of oxygen as described Cournand, Baldwin, Darling, and Richards 9 To measure 
maximal breathing capacity ("MBC), the subject breathed for 15 seconds through a mouth 
piece, low resistance \al\c, and wide tubing into a Tissot spirometer The highest \n1uc 
obtained with 3 trials was calculated in liter*' per minute Afaximal inspiratory (or ex 
piratory) flow late was measured between 200 and 1,200 ml of the inspiration (or expira 
tion) according to the method of Danzig and Comroe lo 

Arterial blood was obtained from the brachial arten while the «emirecumbent sub 
ject breathed air and again after he had breathed 90 6 per cent oxygen for at least 10 
minutes The samples were analyzed for total oxygen content, oxygen capacity, and whole 
blood carbon dioxide content b\ the manomctric technique of Van Shke and NeilMt 
Blood was rotated with air in a tonometer at room temperature for 20 minutes before 
measuring oxygen capaciti Vpproprinte corrections were made for physically dissohed 
oxygen and for differences in total hcmoglobia in the content and capacity samples Direct 
measurement of dissohed oxygen was not made, but an approximate calculation was made 
on the samples collected during the inhalation of oxygen by subtracting the oxygen 
capacity from the total oxygen content of such blood Arterial blood pH was measured in 
a closed Cambridge glass electrode at either 37* C or, if done at room temperature, the 
pH value was corrected to 37® 0, using the factor of Rosenthal 12 Plasma carbon dioxide 
content and Pco were determined from pH, oxygen capacity, and whole blood carbon 
dioxide content by use of the monogram of Singer and Hastings 

RESULTS 

A Patients With Pohjcythemia Vcia —The initials, physical chaiactci 
istics, and hematologic findings of the 13 patients vith polycythemia vera arc 
shoi\Ti in Table I Ten of the 13 patients had at least one red blood count 
above 7 0 million/c mm All patients had at least one vihite blood count 
above 10,000/c mm , and 10 ot 13 had one platelet count above 300,000/c 
mm On admission 4 patients (P B , 'W U, I M , and MG) had essentially 
normal white blood cell counts and platelet counts In these patients the 
type of the polycythemia was not evident immediately Additional studies 
wcie needed to exclude heait and lung disease and establish the diagnosis of 
polycythemia veia Ihc spleen was palpable in 9 but was not felt in 4 patients 
(P B, C Q, L M, and M G) 

Results of pulmonaiy function tests and aitcnal blood studies are listed 
in Table II A finding of signal inipoitaiicc is that the aiteiial blood satura 
tion of patients bicathiiig 100 m an aveiagcd 9C 2 pei cent, langmg fiom 93 4 
to 100 per cent Aftci bieathiiig 99 6 pci cent oxygen foi at least 10 minutes 
the arterial blood satin ation in all patients came to 100 per cent, and the 



458 


FISHER, BEDELL, AND SEEBOHM 


J. Lab & Clin. Med 
September, 1957 


Table II. PuLiroxAnv Fuxctiojv- Studies an-d Arterial 


1 

PATIENTS 1 

LUXG VOLU.MES ] 

1 

! 

MINTTE 1 
VOLUME or 1 

VENT. 

(L.) ! 

AIA’EOI 

DISTHI 

SEVEN'- 1 

MINUTE 1 
■WASHOUT 

.AR GAS 
BITION 

1 SINGLE 
BRF-ATK 

N% TEST 

(7c 

L ^ _ 1 

L.. .. i 

TLC 

nv/TJ,c 
y 100 

1 (ml.) I 

(%')! 

|(ML.) 

1 (%")l 

(ML.) 1 (%") 

P. B. 

,1,400 

SO 

2,920 

120 

0,320 

9G 

40 

10.0 

1.0 


R. J. 

3,420 

100 






7.4 



G. A. 

2,G50 

87 

2,830 

IIG 

5,480 

100 

.52 

7..*) 

1.5 


C. Q. 

2,000"’ 

48 

3,420 

140 

5,420 

82 

63 

15.9 

0.5 



3,020 

72 

3,420 

140 

G.440 

97 

53 




W. H. 

4,790 

9C 

3,720 

153 

8,510 

115 

41 

8.4 

2.5 

2.0 

L. W. 

4,020 

88 

2,870 

123 

G,.890 

100 

42 

8.5 

2.0 

2.0 

A. ir. 

2,970 

88 

2,190 

90 

5,160 

92 

42 

7.7 

4.0 

2.0 

I.M. 

2,543 

85 

2,425 

2G5 

4,970 

127 

49 

9.7 

2.5 

3.7 

H. n. 

3,190 

78 

2,1G0 

89 

5,350 

84 

40 

7.9 

1-5 


L. M. 

4,870 

102 

2,740 

229 

7,G10 

126 

36 

S.O 

2.5 

1.5 

C. V. 

.3,180 

71 

2,550 

105 

5,730 

S3 

45 

9.0 

0.5 

4.0 

H. G. 

3,1G5 

94 

1,650 
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88 

34 
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0.5 

n.B. n. 
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57 
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85 

46 
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1.5 
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44 
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'% equals per cent ot predicted value based on physical characteristics and ase. 
tNormal values for Sjcven-mlnute nitrogen washout arc less than 2.5 per cent N;. 
tNormal values for single breath nitrogen te.st are le.ss tlian 1.5 per cent N:. 

§JIBFR equals maximal e.vpiratorj' How rate. 

value for dissolved oxygen in arterial lilood was normal in all -Imt one patient. 
These patients had normal Pco.j (vl to 45 nun. Ilg, mean 38 mm. Ilg) and nor¬ 
mal pH (7.35 to 7.41, mean 7.30) of the arterial blood. 

Two patients had definite lung disease in addition to polycytliemia vera. 
C. Q. had a pulmonary infaret and 11. B. H had a thickened calcified pleura 
on the left. AVith the exception of those two patients the vital capacities were 
normal. The mean vital capacity for all patients including these two was 85 
per cent of the predicted noi'inal value. The mean value for residual volume 
was 141 per cent of the predicted average normal. The mean RA^/TLC ratio 
was 44. The mean total lung capacity was 99 per cent of the predicted normal 
value. The per cent ifitrogen after 7 minutes oxygen breathing was normal in 
11 of 12 patients. In 5 of 8 patients the single breath nitrogen tost was 
slightly abnormal, but 4 of these patients were over 50 years of age. Maximal 
breathing capacity averaged 87 per cent of predicted value, maximal expira¬ 
tory flow rate 216 L./min. and maximal inspiratory flow rate 189 L./min. 

B. Patients With Secondary Polycythemia .—The initials, diseases, phj'sical 
characteristics, and hematologic findings of the 9 patients with secondary 
poljmythemia are shown in Table III. Four patients had at least one red 
blood count above 7.0 million/e. mm. and all had at least one hematocrit 
above 60 per cent. Seven had white blood counts persistently below 10,000/ 
c. mm. All 8 patients on whom platelet counts were done had less than 
300,000 platelets/c. mm. The spleen was not palpable in any patient. 

Results of pulmonary function tests and arterial blood studies are listed 
in Table lA^. In striking contrast to flic patients noth polycythemia vera not 
a shi'^le patient with secondary polycythemia had a normal arterial oxygen 
saturation while breathing room air. The values ranged from 62.5 to 90.6 
per cent. All patients had definite abnormalities in the other tests depending 
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Blood Siudies in Pvtients With Poi\c\themu Veta 
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IIMirR eqinl« rmNlmal insplritorj flow nie 

TValue** follow ms + sisn refer to ml OyiOO ml bloo«l m excess of th-it required to saturate 
heinoslobin (le dissoRed Oi) t^orm'xl \'ilue for (lis«ohcd Oj Is 2 00 ml 

••Results on top line represent flndlnss at the time the patient hal chest p^in those on the ne\t 
line findings 10 d^js later when chest pam t\as much impro\ed 

on tho basic disease piocoss lespoiisiblc foi hj'poxcmn Oui patients can be 
gionped into 3 catcgoiics those v\ith pulmonary cmplnscma with uneven 
latio of blood flow to ventilation, those with congenital henit disease with 
venous to arternl shniit, and one with pulmonar} fibrosis with reduced dif 
fusion acioss the alvcoUi capillaiy incmbiane 

The G patients with pulmonaij emphvsoma had dccieased vital eapaeitj, 
incieased lesidnal volume, increase in the KV/TLC latio, uneven distribution 
of inspiicd air, lednccd maximal breathing capacitv, and leduction in the 
maximal flow lates The max.imal expiiatoij flow late was less than 100 
Ij /min in 5 of the C patients Pour of the C patients with omphvsema had 
inadequate carbon dioxide elimination as well as pulmonary insufficiency foi 
oxvgcnation Aftei the patients with emphysema bicathcd 100 per cent oxy¬ 
gen, the artciial blood became 100 pci cent satuiated and had noimal values 
of 0 70 to 3 00 V ols per cent dissolved in the plasma 

The 2 patients with congenital heait disease with light to left shunt of 
blood had normal lung v oliimes ev en distribution of inspired air, and normal 
maximal bieathmg capacitj and maximal flow latcs Thoj had hjpoxemia on 
room air (81 2 and 79 0 pci cent), normal Pco^, but failed to achieve 100 pei 
cent satuiation when bieathing 100 per cent oxjgon The aiteiial oxjgen 
saturation was 99 8 per cent in one and 93 1 pei cent in the other Since 
aiteiial saturation in these patients was not 100 pci cent in addition to 2 00 
vols pei cent dissolved in the plasma, some venous blood must have bv 
passed the lung oi gone through the lung without contacting ventilated alve 
oh This study could not, bj itself distinguish between an intraoardiac shunt 
and an intiapulmonar^ shunt Caidiac catheterization m Patient C K demon 
strated a patent ductus aiteiiosns with scvcic pulmonary hjpeitension and 
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bidiiGctional thioiigli the ducttis Pulmonic stenosis, ^ entiiciilai septal 
defect, right ■\Gutiicnlai Inpeitension, and o^clll(^lng aoita wcie demon 
stinted in Patient L L hj cnidiac cathotoiiration and nngioenidiogiains 
One patient had pulmonaiA filnosis She had lnpo\cmia completch cor 
iccted In Incathing 100 pci cent oMgoii, noimal Plo noimal Mtal capacity, 
c\cn distiibntion of inspiicd an, and noimal inoehanical tests AVc -were not 
equipped to measuie diffusion diiecth at the time this patient uas studied 
Chest xiajs and lung biopsy coiifiimcd the diagnosis of pulmonaij fibiosis 

DISCUSSION 

"Wc uould like to emphasize the fact that our patients ^\lth polj cj thcniia 
\Gia had .aitciial blood satuiation of 93 4 to 100 per cent Comroe found 
that noimal aitciial o\\gcn satmation m aoung adults is 97 5 per cent, SD 
±2 1 This a aluc compares a\ith 9G 5 pci cent, S D ±1 08, foi hcalthj subjects 
50 jeais and older" The aiteual o\agcn saturation in all of the patients 
avith poljcythemia aeia a\as 93 2 pei cent or greatei, the diffeience betaaeen 
this and 97 4 pei cent is loss than 2 standaid deaiations All of the patients 
av ith secondary polj cj thcmia a\ ei o below 93 2 pei cent 

In 5 of 8 patients with polac>th<.inia aeia the single bieath mtiogen test 
a\as slightla abnoimal but 4 of these patients aacic oaei 50 aeais of age 
Oiicfenstoin and associates" found a allies foi this test up to 3 0 per cent in 
health} pei sons oaci 50 Using this a aluc foi the upper limit of noimal aaould 
alloav 3 of these patients a noi mal a aliie foi this test 

Thcic IS disagieomeiit about aahethci patients aaith poljeythomia aeia 
haae noimal oi leduccd aiteual oNjgen satuiation Oiu findings suppoit 
those of Ratto and coworkcis* and show that patients a\ith uncomplicated 
poljcjtheima aeia haac noimal aiteual o\jgen satuiation In all the pa 
ticnts aaith poljcjtheniia and h>po\cmn phjsiologic studies demonstiated an 
abnoimal caidiae oi pulmonai} mechanism aahich explained the hypoNcmn 
Neavman and associates'^ lopoited pulmomi} function studies in 5 pa 
tients aaith presumed polacjtheinia acn Two of then patients had aiteual 
saturation of 09 pci cent and 65 pei cent lespcctiaclj Both patients avere 
obese and lethargic Both had noimal Icukocjtc and platelet counts Limited 
pulmonaiy function studies did not explain the hvpoxemia, and a diagnosis of 
polycythemia vera avas made bj exclusion These patients maj haac had poly 
eythemia a era, but this alone does not explain the hypoxemia The hypoxemia 
may haac been on the basis of icspiiatorj center depression, as in the case 
reported by Ratto and co aaoikcrs^, oi the patients maj haae had significant 
lung disease The sjTidiome of hypoxemia polj cythcmia, cxtieme obesity, 
and hypoacntilation has leceiaed much attention recently* ** *^ The cause 
of this Pickavrckian sjndiome is unknoain Perhaps Newman’s tavo patients 
aaeie examples of this syndrome 

Cassels and Morse® lepoited oxjgcn satuiation Pco and pH of aiteual 
blood in 17 patients aaith “pol>cathcmia acia” and in 9 noimal joung adults 
They stated that “the 17 patients had poljc}thcmia of unknown origin aaith 
out demonstrable cardiac oi pulmonaij disease, aauth one exception (a patient 
aaith scoliosis) ” Seven of then 17 patients had aiteual oxygen saturation 
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Table IV. PuL^fOKAUv Fukctiox Studies axd Arterial Blood 


INITIALS ' 
OF 

PATIENTS ' 

1 

1 

LUNG VOLUMES 

! 

MINUTE 
VOLUME or 
VE.NT. 

(L.) 

alykoi 

DISTRI 

SEVEN- 
MIXITTE 
WASHOUTt 
(% X:! 

AU G.\S 
HUTIOX 

SINGLE 

BREATH 

N;TEST+ 

iVrNj) 

VC 1 

1 nv 

1 Tl.C j 

uv/tlc j 
xaoo ^ 

1 (ML.) S 

(%*■)' 

1 (ml.) 

1 (%A’ 

1 (ml.) \ 

(%’)' 

H. D. 

2,-160 

75 

3,850 

252 

6,310 

105 

63 

18,0 

3.0 


P. S. 

•2,.^50 

55 






7.1 


6.5 

B. S. 

3,180 

50 

2,820 

116 

6,000 

77 

43 

5.1 

7.5 

3.0 

J.S. 

2,850 

52 

3,790 

156 

6,640 

82 

70 

9.6 

9.4 


It.B. 

2,230 

53 

2,430 

100 

4,660 

71 

51 

6.9 

16.0 

9.0 

J. A. 

2,100 

41 

2,600 

107 

4,700 

62 

00 

4.6 

3.0 

2.2 

L. L. 

2,000 

69 

1,850 

160 

4,450 

91 

41 

11.3 

1.0 

2.3 

C.Iv. 

2,875 

70 

2,900 

119 

iiyi t D 

88 

50 

1 .0 

1.0 


E.M. 

2,330 

85 






11.0 

1.0 

1.0 


equals per cent of predicted value based on physical characteristics and age, 

fNornial values for seven-mlnuto nitrogen washout are less than ^1.5 per cent X:. 

tXormal values for single breath nitrogen test arc less than 1.5 per cent Xs. 

SMIHFR equals maximal expiratory flow rate. 

IIMIFR equals maximal inspiratory flow rate. 

l^Valuos following 4- sign refer to ml, Oj/lOO ml. blood in excess of that required to 
saturate hemoglobin (i.o., dissolved O 2 ). Normal value for dissolved O: is 2.00 ml. 

below 93.2 per cent. Insufficient data arc re])orted to excliule lung disease in 
these patients, and even it lung disease conld iiot be identified by clinical or 
x-ray examination, this docs not exclude it as a possible explanation for the 
hypoxemia. 

Harrop and Heath^ found the diffusing capacity of the lungs reduced 
in patients with polycythemia veva. Wc did not measnre diffusion in our 
patients, hut Eatto and associates' found normal values in 4 of their patients. 

Until a basic physiologic disturbance is demonstrated in the red blood 
cells, the lungs, the respiratory center, or other tissue in patients with poly¬ 
cythemia vera, the host evidence is that arterial oxygen saturation is normal 
in patients with uncomplicated polycythemia vera. Arterial desaturation is 
evidence that ijolycythemia vera is complicated by or exists with another 
disease- 

summaky 

tVe have studied the hematologic, avtei'ial blood, and pulmonary function 
findings in 13 patients with polycythemia vera and 9 patients with secondary 
polycythemia. In those with secondary polycythemia hypoxemia was due to 
emphysema in 6, congenital heart disease in 2, and piilmonary fibrosis in one. 

Patients with polycythemia vera usually have high white blood cell counts, 
high platelet counts, and palpable spleens; hut this is not always so. Arterial 
oxygen saturation with the patient breathing room air was normal in every pa¬ 
tient with polycythemia vera. 

Patients with secondary polycythemia had elevated red blood cell counts, 
hemoglobins, and hematocrits in the absence of lenkoejtosis, incieased plate 
lets or splenomegaly- All had arterial hypoxemia. Although it was not im- 
inediatelj' apparent in some of these patients that heart disease oi lung dis 
ease was present, careful physiologic evaluation disclosed the mechanism pro¬ 
ducing h 3 *poxemia. i . vi, 

' Until a basic disturbance of oxygenation is demonstrated in patients witJi 

uncomplicated polycjdhemia vera, the best evidence is that the arterial oxygen 
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Stidies is Patients Secosdmiv PoL\c\inMn\ 


MEOH \MCAL TESTS 

o, 

content 

rest 

<\oi 

VTTFRLVL 111 

0 1 

CAPACITY ] 
PEST : 

(VOL 1 

OOP STl DIES 

0 SATURATION { %) 

Pco 

PFST 

(MM 1 

pil 

PFST 

MBC 


1 MElRj ] 

MIH|| 

<1 /MIN 1 1 

(%*i 

/MIN )\ 1 /MIN V 

1 RFST 1 

100% 0,15 i 

62 

54 

73 

204 

>1 39 

24 06 

S9 0 

100 + 1 93 



33 

33 

26 

54 

22 04 

27 45 

80 3 

100 + 1 82 

65 

7 34 

68 

50 

44 

244 

19 62 

23 85 

82 3 

100 + 3 00 

58 

7 32 

83 

62 

100 

147 

19 87 

21 94 

90 6 

100 + 0 94 

45 

7 38 

19 

20 

29 

143 

14 89 

23 84 

62 5 

100 + 0 70 

80 

7 24 

49 

40 

60 

133 

1877 

21 74 

86 3 

100 + 0 90 

58 

7 33 

89 

88 

077 

233 

2017 

25 54 

79 0 

93 1 

39 

7 38 

85 

86 

490 

282 

20 50 

25 24 

81 2 

99 S 

41 

7 38 

68 

100 

155 

152 

18 90 

20 79 

82 6 

inn+ 2 09 

38 

7 33 


satmation is normal Aiteiial desatuiation is evidence that pohcjthemia 
\ era is complicated by or exists ^\lth anothei disease 
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THE EFFECT OP aiAGNESIUJI SULFATE IN LOWERING 
TETRACYCLINE BLOOD LEVELS 

Robert S. Harcourt, JI.S., and JIorton Hamburger, il.D. 

Cincinnati, Ohio 

/^NB of the measures employed several years ago to counteract the gastro- 
intestinal side effects of tetracycline drugs was the administration of 
aluminum hydroxide gel. It was soon discovered, however, that though it was 
an elfeetive means of preventing nausea, this practice resulted in a lowering of 
tetracycline blood levels.^ The possibility that the effect was part of a more 
general biologic phenomenon of cation antagonism of tetracycline was suggested 
by the later discovery that several bivalent cations antagonize the antibacterial 
action of tetracycline drugs in vitro.^- ® It seemed appropriate, thercfoi-e, to 
find out whether another cation which antagonizes tetracycline’s antibacterial 
action might also lower the blood lerml when the cation and the antibiotic were 
administered by mouth simultaneously. A study was therefore undertaken in 
which blood levels were measured at various intervals following the simultaneous 
administration of tetracycline and magnesium sulfate to man and to rhe.sus 
monkeys. As a control, tetracycline was given intramuscularlj’^ and magnesium 
sulfate by mouth to 10 monkeys and 2 human patients. It is the purpo<5o of this 
communication to report the results. 


METHODS 


Subjects .—Ten Iiuraan beings and 20 rhesus monke 3 S* were studied. The humans, 7 
men and women, ranging in age from 39 to 60 j’cars, were patients in tlie medical wards 
of the Cincinnati General Hospital. None of tlie subjects was receiving anj’ other antibiotics. 
The monkeys weighed approximately 5 kilograms and were healthy. None was receiving 
medication. 


Administration of Drug .—Oral doses of 500 to 1,000 mg. of tetracycline HCl (Achro¬ 
mycin, Lederle) were administered as 250 mg. capsules. Epsom salts (MgSO^-7H„0) were 
given as a 50 per cent solution. The usual dose of 30 ml. (15 Gm. of magnesium sulfate) 
ivas employ'ed except in one instance, when 15 ml. was used. In five instances 30 ml. of castor 
oil, a nonionic cathartic, was given instead of MgSO^. In every case the magnesium sulfate 
or castor oil was swallowed by the subject within seconds after the tetracycline. 

Tetracycline was administered to the monkeys by stomach tube (No. IS catheter). 
With the tube in place, 500 or 1,000 mg. of tetracycline suspended in 20 ml. of 0.01 N HCl 
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^us introduced by sjTinge. The tube and springe were then flushed iMth about 25 ud. of 
vater. If Epsom salts iierc to be administered, 30 ml. of a 50 per cent solution i\as intro¬ 
duced immediately preceding the tetraejehne. 

Intramuscular doses of 200 mg. of tetracycline uere gi\cn in the posterior thigh 
muscles of the monkeys. 

In both the human beings and the monkeys, at least 48 hour*, elapsed betueen do«es 

CoUcction and Handling of Blood Saynplc ^.—Ten milliliters of blood uas draun from 
the patients by lenipuncturc immediately' before a dose and at 1 and 4 hours after the dose. 
Tile blood was placed in sterile centrifuge tubes and allowed to clot at room temperature 
The samples ucrc centrifuged and the clear scrum dra\ni off and stored at I® to 3* C. until 
assayed. 

Samples from monkeys were also collected by \enipuncture Tliose receiving tetra¬ 
cycline by stomach tube uere sampled yust before tho do*»c and at 2 and 3 hours after the 
dose Those receiving intramuscular tetracycline were bled yust prior to the dose and at 1 
and 2 hours. 

Hethod of Assay —Each serum sample was assayed twice Tlic first assay was by a 
twofold serial dilution method, employing B. ceretis as the test organism 

After the approximate antibiotic concentration m the serum had been determined, 
another aliquot was assayed by means of a measured dilution method in order to determine 
the level more precisely. Fiie tenths milliliter of appropriately diluted serum was placed m 
the first tube, 0.4o ml. m tho second, 0 40 ml. m the third, etc. The tenth tube contained 
0 05 ml. The ^olumes were adjusted to 0.50 ml with broth and tho tubes inoculated, incu¬ 
bated, and read after IS hours’ incubation at 37* C. A control solution of tetracycline of 
known strength was run with each as'-ay. 



Fiff 1 —Tetracycline (TTCL.) serum Ie\'els In human subjects following administration 
of 600 mg: tetracycline HCl by mouth, with and without simultaneous magnesium sul¬ 
fate. 

RESULTS 

Lowering of Blood Level hg Magnesium Sulfate Administered Simultane¬ 
ously. —Six human subjects were given 500 mg. of tetracycline alone and, a few 
days later, the same dose followed immediately by 15 Gm. of Epsom salts. Two 
separate sets of levels after administration of tetracycline alone were determined 
in 5 of the patients. In every’ case except one the blood level when magnesium 
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sulfate was administered was lower at the end of 1 hour than when the tetra¬ 
cycline was given alone. By the end of 4 hours the tetracycline levels were 
uniformly lower when Epsom salts were given. The magnitude of the lowering 
was approximately fourfold, i.e., from an average of 0.8 to 0.2 meg. at 1 hour 



jjjlTCL AtCHt 
P TTCt f 

Qttcl CASTOR on. 




Fis. 2—Tetracycline (TTCL) serum levels in human subjects following administration of 
1,000 mg. tetracycline HCl by mouth, with and without simultaneous magnesium sulfate. 



J-Ig- 3 Tetracycline (TTCL.) serum levels in monkeys following administration of 200 mg. 

tetracycline HCl intramuscularly, with and without simultaneous magnesium sulfate. 

and from 3.5 to 0.8 meg. at the end of 4 houi-s. The experiments arc shown in 
graphic form in Pig. 1. Because of tlie possibility that the lowering of the 
blood level might have been due to flushing associated with the catharsis, one 
patient was given a dose of castor oil along with the tetracycline. The castor 
oil produced no lowering of blood level. Pour patients were given 1,000 mg. 
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of tetracjchne, ^Mth and without magnesium sulfate oi castor oil The lesults, 
as sho-v^n in Fig 2, vcre essentiallj the same asuith the smallei dose A similar 
lo’wering of the blood lc\el uas found when the stud> ^\as repeated in rhesus 
monkejs The lo's^ering effect uas found in all of 10 animals studied uith a 
500 mg dose and all of 5 studied ■with a 1,000 mg dose 

In order to test uhethei the effect took place in the gastiointestinal tract 
5 monkejs were guen tetracjcline mtiamuscularly, followed in a few days by 
tetiacjcline intiamuscularh and magnesium sulfate by stomach tube As 
sliowTi in Fig 3, magnesium sulfate bj' mouth did not lower the blood leiel 
when tetraejehne was gi\en intramuscularlj A similar studj was carried out 
in 2 stuporous hemiplegic human patients cmploMng a dose of 500 mg of 
tetiacjcline intiamuscnlarlj Here too, there was no diminution in tetra 
c^clino blood level 

DISCUSSION 

These obser\ations clearlj demoiistiate that when magnesium sulfate is 
administered concomitantly with tetracycline gnen bj mouth, the blood level 
of the antibiotic is suppressed approximately fourfold is compaicd with the 
le\el when no magnesium is guen This effect is abolished wlien tetracycline 
is gi\en intramuscularly and the magnesium bj' moutli "Whethei the effect is 
dependent upon the failure of absorption of the tetracjcline or whether it is 
explained by the absorption of an inactivated tetracjcline is not known Two 
British chemists, Albert and Itccs,* have stated that when tetracycline and 
aluminum hjdroxide gel are mixed, a complex is foimed which is not absorbed, 
tliough the'v piesented no clinical data to substantiate their in Mtro chemical 
expel iments Magnesium sulfate itself is verj poorl> absorbed from the gastro 
intestinal tiact The nomal blood le^el of magnesium foi human beings is 
1 8 to 2 4 mg per cent, as determined b> flame photometrj on patients in the 
Cincinnati General Hospital by Dr James Agna ® Dr Agua, in 3 separate 
determinations on patients given 15 Gra of magnesium sulfate bj mouth, could 
find no evidence at the end of 1 and 4 hours of anj inciease in magnesium blood 
levels These data do not, howe'vcr, exclude the possibihtj that a magnesium 
tetraej dine complex might he absorbed into the blood stream 

In our studies the ratio of magnesium to tetracyclme in terms of molecular 
weight was approximately 60 to 1 In one patient where le\els were compared 
employing a smaller dose of magnesium sulfate, gning a magnesium tetracycline 
ratio of 30 to 1, theie was no diminution in tetracycline blood levels Magnesium 
ion inactnates the antibacterial effect of tetracycline against se\eral species but 
the latio of magnesium to tetracAcline lequired to produce this effect is much 
higher than that observed in our absorption studies Thus, 2,000 atoms of 
magnesium antagonize the action of 1 molecule of tetracjcline when Pseudo- 
mom^ aeiuginosa is used as a test organism,® 3,000 magnesium to 1 tetracyclme 
when Staphylococcus aureus is used,® and 50,000 to 1 when E coh is used ^ 
Contiariwise, the chemical aMdity of magnesium for tetracyclme is said by 
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Albert' to Ije 1:1 or 1:2, depending upon the pll. It seems evident that mag¬ 
nesium is capable of antagonizing tetracycline, probably by combining vdth it 
in some way, but that the ratio of the tAvo substances varies noth the conditions 
under which the reaction takes place. 

SUMMARY 

Wlien tetracycline and magnesium sulfate were given simultaneously to 
man or rliesus monkeys, the blood levels of tetracycline Avere found to be only 
about 25 per cent of those Avhen the antibiotic Avas given alone. When tetra¬ 
cycline Avas given intramuscularly and magnesium sulfate by mouth, no loAvering 
of the blood level occurred. Also, AA’hen castor oil Avas substituted for mag¬ 
nesium sulfate in the oral absorption e.Ypcriments, there Avas no loAvering of the 
tetracycline blood leA’el. 

BKFERENCES 


1. tA'aisbren, B. A., and Hucckcl, J. S.; Aureomyein and Aluminum Hydroxide, J. A. JI. A. 

Itl: 90S, 1949. 

2. Soncin, Emilia: Ecnomeni di interferenza tra elettroliti e antibiotici. III. Tone magnesio 

e aureomicina, tciTamicina, cloramfenicolo. Arch, intemat. pharmacodvn. 94: 346, 
1933. 

3. AA'cinberg, Eugene D.; The Ecversal of the Toxicity of Oxytctrncycline (Tcrramycin) by 

Multivalent Cations, J. Infect. Dis. 95: 291, 1934. 

4. Albert, Adrien, and Bees, Charles: Incompatibility of .Aluminum Hydroxide :ind Certain 

Antibiotics, Brit. M. J. 2: 1027, 1935. 

0 . Agna, James W.: Personal communication. 

G. Hamburger, Morton, Carleton, Judith, and Harcourt, Marion: Bever.sal of the Anti- 
staphylococcal Action of Tetracycline bv Magnesium, Antibiotics & Clicmothor. 
7; 274, 1957. 

7. Albert, Adrien: Aviditv of Tcrramycin and Aureomyein for liletallio Cations, Nature 172: 
201, 1933, 



LABORATORY METHODS 


A SPECIFIC ENZYMATIC ASSAY FOR THE DIAGNOSIS OP 
CONGENITAL GALACTOSEMIA 
I Tap CoNsuAiiTioN Tfst 

EuzinpTH P Akdfksqn, Pn D ,* IIebmvs M K\LCKin,MD PHD,KiiosHi 
KuEm\SHi PhD,** \kd Khrt J Isselbvcher, M D , PhD **• 
Bethesdi, SId 

C ONGENITAL galactosemia is a hcicditai-j disease of childhood chaiacter 
ized hi an iinlnlity to metabolize galactose It has been found that the 
blood and liici of patients nith this disordci lack i specific enzjme essential 
for galactose metabolism This enzjmc, called galactose 1 phosphate iiridil 
tiansferasc or biicfly Gal 1 P uiidyl traiisfciasc,* * catalyzes the following re 
action nil oh mg niidiuediphosplio glucoset 

I 0,il 1 P + UDPG ^ G 1 P + I DPGal 

The presence oi alisoiice of this ciiznnc in blood can be determined easili this 
foims the basis of an enzjiuatic assay, desenbed in the present report which 
can be nsed to diagnose eases of congenital galactosemia Sncli a test climi 
nates the necessity of subjecting these patients to the deleterious effects of 
galactose ingestion in a tolerance test 

Human eiythiocjtcs contain a coiisideiable anioiuit of Gal 1 P uridyl 
tnnsfeiase The UDPGal foinied ni this reaction accumulates without being 
coniertcd by' UDPGal-I epiiiicrase,* formcrU called galacto w aldenase,® into 
UDPG This IS due to the fact that hemoly sates lequiie the addition of a con 
siderable amount of DPN before the lepimeiase picsoiit becomes actiie*’ In 
the absence of galactose 1 phosphate, LDPG incubated with hemoh sates over 
a penod of 30 to CO minutes is consumed to only an insignificant degiec If 
galactose 1 phosphate is added m considciablo excess oier UDPG, most of the 
UDPG IS consumed {le, com cited into UDPGal) Tins is partly due to the 
fact that G 1P, the othei icaction pioduet, is almost completely com erted into 
glucose 6 phosphate by the phosphoglueoiuutase also pi esent in hemolysates 

Prom the National Institute of Arthritis an! "Metabolic Diseases National Institutes of 
Health United States Public Health SerMCe Bethc*tda Md 
Recei\ed for publication May I" 195" 

*FeUo>\ in Cancer Research of the \merican Cancer Society 
••FeIlo^\ of the Jane Cofhn Childs Memorial Fund 

•••Massachusetts General Hospital Biochemical Research Department Boston l-j Mass 
~ ~ - used UDPG for urldmedtphosplio clucose UDPGal 

' for tiridmediphospho glucuronic acid DPN for dlpho^ 

iced diphosphopiruline nucleotide Gal 1 P for a R-iJac 
phosphate 


41 «> 
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If inorganic pjn-ophospliate (PP) is added to UDPG incubated with hemol- 
.ysate there is also a large consumption of UDPG. This is due to the follow¬ 
ing reaction in which uridine triphosphate (UTP) is formed: 

II. PP + UDPG ^ G-l-P UTP. 

This enzyme is called UDPG pyrophosphorylase. 

Reactions I and II are both measured as the consumption of UDPG in 
the complete incubation mixture compared with the consumption in hemol- 
ysates when UDPG is incubated without the addition of pj’rophosphate or 
galactose-l-phosphate. UDPG is determined in heat-inactivated hemolysates 
by means of a highly specific dehj’-drogenase' which catalyzes the following 
reaction: 

UDPG + 2 DPN UDPGA + 2 DPNH. 

The increase in optical density at 340 m/i brought about by the reduction of 
DPN in this manner is a measure of UDPG. It should be emphasized that 
UDPGal does not reduce DPN in this reaction. Since 2 moles of DPN are re¬ 
duced for each mole of UDPG present, the reduction constitutes a particularly 
sensitive analytic method. Thus, 0.01 fiM of UDPG per ml. gives a change 
of 0.120 on the logarithmic scale of the Beckman DU ultramolet spectropho¬ 
tometer and can be readily determined ■with an accui-acy of about ±10 per cent.® 
It has been found that hemolysates from humans are rich in enzymes cata¬ 
lyzing reactions I and n.®' ® In human congenital galactosemia, however, the 
enzyme “PGal transferase,” catalyzing reaction I, is absent in hemolysate or 
present in amounts less than 5 per cent of the normal levels.®’® The other 
enzymes, including the UDPG pyrophosphorylase, catalyzing reaction II, are 
present within normal range.®’ ® Hence, if hemolysates are found devoid of 
the enzyme catalyzing step I, but sho'^^dng a normal activity with respect to 
the enzyme catalyzing step H, congenital galactosemia should be strongl 3 ’ sus¬ 
pected. If both enaj-mes are missing, it is most likelj^ due to improper handling 
of the blood sample or the hemolj'sate. The test should then be repeated on 
another blood sample from the subject. 


JIATERIALS AND METHODS 


Stock Solutions .— 

1. Buffers: (a) Tris (tris [hydroxj-metlijT] amiuomethane),* 0.2 M, brought to a pH 
of 8.1 by means of 1 N HCI. (b) Glycine, 1 M, brought to a pH of 8.7 by means of 5 N 
NaOH. 

2. a-Galactose-l-phosphate, Monobarium salt decomposed with 10 per cent Na.SO.; 
barium sulfate precipitate washed with H,0 and the washwater added to the supernatant, 7.5 
AiM/ml.,t pH ca. 7.5. 

3. Inorganic pyrophosphate, 0.05 M, brought to a pH of ca. 7.5 by means of 1 N HCI. 

4. HDPG, disodium,$ 5 ^M/ml., pH ca. 7.5. 

5. Cysteine, 210 /tM/ml.; neutralized immediately before use to pH 7 or S with 1 N 
NaOH. (Use pH test paper.) 

6. DPN, free acid,t 50 /iM/ml., brought to pH ca. 8.0 by means of 0.1 N NaOH. 


•Obtainable from G. Frederick Smith Chemical Company, 8G7 McKinley Avenue, Co¬ 
lumbus, Ohio. 

tCommercial preparation to be available from Sigma Chemical Company, 4648 Easton 
Avenue, St. Louis, Mo. 

^Obtainable from Sigma Chemical Company, St. Louis, Mo., and Pabst Laboratories, 
Milwaukee 3, Wis. 
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7 UDPG dehrdrogenase prepared according to fetrominger and a««ociates « This enzrme 
preparation should contain 3,000 to o,000 unit*! per mg protein Keep at lo® C as a 
solution containing 3 to 5 mg per nulhliter Do not Iropliihze * 

i3pectal Equipment —(a) Microiolmnetnc pipette«, Ljnder«tr0m Lang Holter t (b) 
iu^ed silica cells for Beckman DU ‘^iiectrophotoraetcr, capacitv 1 ml dimen ion* 50 mm. 
high 5 mm i\ide and 10 mm, lightpath } 

Preparation of Blood Sample —Acnons blood (in amounts ranging from 2 to 8 ml ) is 
drauTi and put into a 12 ml heavr dotr Pitcx centrifuge tube containing hepann The blood 
IS mixed ivith the heparin bi inversion of the tube, the opening being covered ivith “para 
film ” The tube i-* then cooled b} being placed in cracked icc The blood is centrifuged in 
the cold at COO x g (full «peed, 2,000 r p m, in an International Clinical centrifuge) for 15 
minutes and plasma is aspirated off br means of a pipette nith a fine tip uhich 1 «lightlv bent 
Tho red cells are wa«hcl tivice with a double volume (le, tno times the volume of the packed 
red cells) of cold 0 9 jer cent 'odium clilondc and the 'aline is pipetted off each tune m the 
'amo wny In order to remove the «altne thoroughh as po «il)le, it is advisable to sacrifice 
tho upper la\er of enthroc^-te® The washed red cells are finall\ hemohzcd br the addition 
of an equal volume (le the volume of the packed red cells) of diatiUed water Pjrex or 
quartz distilled water is preferable If the hemoh'atc is transparent, the hemolj'is is com 
plete or clo'e to completion Freezing and thawing the hcmolvsate helps to male the hemol 
3 SIS complete and does not decrea«e the actmtj* of the enzvme to be assa «»d to any detectable 
degree 

Esttmation of Ted Cell Material as Expressed as Eemoglohxn —The amount of cell ma 
terial present in the hemolvsate can be estunated bv a hemoglobin determination which 
IS earned out a« follows!® 20 fi\ of the bemoJv«ate (collected with a micro volumetnc 
pipette) are blown into 1 ml of dilute ammonia (4 ml concentratel ammonium h\droxide 
to 1 L ITO), the solution is then muced, slakeo in air to saturate it with oxygen, and 
read in the Beckman spectrophotometer at 540 tap $ The reading on the loganthmic scale 
(density scale) times the molecular extinction coefficient of hemoglobin at o40 mii (14,800)5i 
multiplied bv the molecular weight (16 700)** gives the concentration of hemoglobin in 
milligrams in the diluted sample Since the sample was diluted 2o0 fold and since the 
enzrmatic activity is expressed in micromoles 'ubstrate converted per hour per gram hemo¬ 
globin, the reading at o40 m^ {D»») should be multiplied %nth the following factors in 
order to obtain the hemoglobin in grams per milliliter undiluted bemohsate 

'' 1,000 ■ O' ^ 0 


•Commercial preparation to be a^alIabIe from Sigma Chemical Compan> <648 Easton 
A\enue St. JLouis Mo 

•Appropriate for this purpose is a selected constriction pipette obtainable from Mr 
Pedersen Carlsberg^ Laboratonum Copenhagen Valb> Denmark, or the Arthur H. Thomas 
Company Philadelphia Pa. (iSo ’464 H for oO 300 and No 464 J for o to 40 iil pp 185 
186 19^(0 catalog) ‘^ee also reference 9 

{Obtainable from the Pyrocell ^lanufacturing Company New York, N T 

5If utmost accuracy is needed and especially if the hemolysi' for one reason or another 
is not complete the concentration of hemoglobm released from erythrocytes can be estimated 
m the follownng way To a 1 mL aliquot of the I emolysate add 0 1 ml 10 per cent NaCl 
and mix Spin about 30 minutes at 5 000 to 8 000 rpm (For Instance in the high «peed 
attachment head of the International PP ’ refrigerated centrifuge ) Take 20 p.\ of the 
supernatant and blow o\er into 5 mb 02 N ammonia and read at o40 m/t for hemoglobin 
determination The \alue found here represents the best expression for soluble ervthrocyte 
material This hemoglobin ^alue may be signiflcantly less than that of the sample taken 
directly from the hemoly^ate However usually the fraction of nonhemolyzed cells is so 
small that no special precautions of the kind described here are warranted It «hould also 
be noted that whole blood (heparinized) can be used directly since the plasma does not con 
tain any of the enzymes In this ca«e the blood (fresh or stored for 1 to 2 days at 0® to 
+2® C ) is first completely frozen by rotating the tube m a mixture of dry ice and ethanol 
It Is then completely thawed at 37® C once more frozen and once more thawed The hemo 
lyzed blood Is then placed in crushed ice and a ’0 pi sample is drawn for hemoglobin determi 
nation as described for the red blood cell hemolysate ('ee main text) Hemolyzed whole 
blood or red blood cells can be 'tored m a freezing compartment at 10® C for a period of 
se^e^al days without significant lo'S in the actiM^ of the enzyme If whole blood is being 
used the deproteinization should be performed with alcohol and chloroform as describe 
previously* and not by heating smee the latter procedure in this ca'e does not give clear fll 
trates 
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Incubalton Centnfugo tubes, 12 ml. hcavy-dutj Pj vox, are recommenclod as incubation 
tubes A mixtuio for use in all three samples is made ■nitli the following composition. 
1 ml tns buffer plus 0 1 nil EDPO- stock solution Exactly 0 .3 ml (a constriction pipette*^ 
of 300 pi lolume is xcij suitable for tins purpose) of this niixtuio is placed in each centn 
tugo tube To sample 1 is added 0 05 ml galactose 1 phosphate. To sample 2 (control 
sample) is added 0 05 ml distilled water To sample 3 is added 10 pi pyrophospliate stock 
solution plus 0 25 ml distilled water Finallj, the lieniohsate is added as follows 0 25 ml 
to samples 1 and 2 and only 0.05 ml to sample 3 Less heniolysate is added to sample 3 
because of (a) the high actuitx of the pjrophosphorjkisc and (b) the tondoncj in this sample 
for liberation of honun pigment into the filtrate during deprotoinization, making spectre 
photometric readings too high The samples are incubated at 37° C for 30 minutes 

Dcproleintzalton —At the termination of the incubation period one milliliter of distilled 
water is rapidh added and the mixture is heated at 100° C for 2 minutes with rapid and 
constant stirring with a glass rod The sample is then tooled in ice and centrifuged The 
supernatant is aspirated off lor the assaj bx means of a laigc constriction pipette It maj be 
necossarx to centrifuge the supernatant twice in order to obtain a clear filtrate 

An alternatixe but somewhat more elaborate method, einplojing chloroform ethanol 
for deproteinization, and a dual analxsis xxith both UDPG dchxdrogenasc and EDPGal 4 
cpimerase, haxe been described prcxiousl} ■> The method desciibed here, howexer, sliould be 
fully adequate for routine determination. 

Assay —An aliquot of 0 3 ml of the clear supernatant is transferred with a constriction 
pipette to a Beckman euxette t The following additions are then made to the sample 015 
ml. gljcino buffer, 0 03 ml neutral cxsteinc solution, 0 02 ml DPN, 0 5 ml distilled water, 
and fiiiallj 10 pi UDPG dohjdrogenase (= 80 units) 1 The latter is first added to the con 
trol, the sample mixed, and the reaction followed m this ciixottc} The mixing of the assaj 
mixture with the en/jme is effcetixelj accomplished bj placing a piece of parafilm on the top 
of the silica euxette and luxerting rapidlj’ scxcral tunes It is particularlj- important to ob 
tain readings at 340 mp as carlj as 20 or 30 seconds after the addition of the enzjmo and 
subsequently at 20 to 30 second intcn als during the first 2 minutes after the enzjane addi 
tion in order to be able to extrapolate bick to the leading at zero time At 2i/(> minutes the 
density at 400 mp is read, and at the termination of the assaj another reading at this wave 
length IS made, this is done in order to correct for iionsjiecific densitj changes brought about 
bj' variations in turbiditj or other extraneous factors The readings at 340 mp are recorded 
at 6 and 10 minutes .iiid until the doiisitj^ increase signifx ing reaction has leveled off This 
usuallj requires 20 to 30 minutes, some nonspecific increase in densitj maj continue in both 
samples using certain dchx drogonase prepar.itioiis, but this max be considered negligible if 
it IS less than 0 005 densitj scale units per minute .Since the initial readings (up to 3 or 
4 minutes after the start) and the terminal readings aie the crucial ones, it is possible after 
starting the reaction in the first sample to add DDPG dehx’drogeiiase to the second cux'ette 
4 to 0 minutes later and likewise 4 to C minutes after the start of the second cuvette to add 
eiizj me to the third cux ette The same routine described for the first sample is earned out 
for the second and third Since a 0 3 ml aliquot coriesponds to one fifth of the entire in 
cubate, the xalue'- obtained refer to a volume of 50 pi heiuolxsite 


•Obtainable from Jlr Pedersen Carlsberg Laboratonum. Copenhagen Denmark, or the 
Arthur H Thomas Company Philadelphia Pa 

tObtainable from the Pyiocell Manufacturing Company. New York, N Y 
tone unit is the amount of enzyme xxliich produces a Asio of 0 001 per minute m 0 5 ml * 
Sufficient dehydrogenase is used to gixe a Asw of approximately 0 040 jier minute in 1 ml 
In our preparations this is 0 01 ml but if the enzyme preparation used is less actixe than 
this part of the water m the assay can be replaced by additional dehydrogenase Care 
should he taken when adding the enzyme so that the droplet which is delixered abpxe the 
surface of the mixture in the euxette is not blown into foam It is preferable to leave a 
trace in the pipette m order to axoid this 

SThe density at zero time at 340 mp usuallj amounts to 0 30 to 0 40 However the 
cuvette containing the flltiate from the sample incubated with inorganic pyrophosphate often 
shows a densitj which is somewhat higher (0 50 to 0 70) 
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galactosemia we have found that this enzyme is either absent or present in 
amounts which are so low that it cannot be detected with this method.^ (Table 
n.) The method xjermits the detection of activities as low as 0.1 /aM per Gm. 
hemoglobm and if the incubation time is extended, activities domi to 0.05 /tM 
can be detected. In all the cases of congenital galactosemia, regardless of age, 
sex, or diet, the activity was found to be below 0.05 /iM and hence below the 
detectable level. The other enzymes involved in TJDPG metabolism, such as 
UDP6al-4-epimerase or UDPG pyrophosphorylase, have been shoAvn to be 
present in normal amounts in congenital galactosemia.^- ® Usually the amounts 
of UDPG pyrophosphorylase are so high that all, or more than 75 per cent, of 
the UDPG is consumed under the conditions described. 


Table II. Activity or PGal Uridyl Transferase and UDPG Pyrophosphorylase in 
Hemolysates of Bed Blood Cells Prom Normal and Galactosemic Subjects 
(Bates expressed as uridyl transfer, inicronaolcs per Gm. liemoglobiii per hr., 37° C.) 


PATIENT 1 

real transferase 

UDPG 

pyrophosphorylase 

Familj' 0. D.: 

Father, 33 yr., normal 

3.36 

3.75 

Mother, 28 yr., normal 

2.19 


Daughter, 6 yr., normal 

2.01 

3.75 

Son, i yr., galactosemic 

Daughter, 2 yr., G mo., galactosemic 

Son, 3 mo., galactosemic 

<0.06 

7.50 

<0.06 

7.20 

<0.06 

5.25 

Grandfather, 66 yr., milk “intolerance” 

2.25 

4.50 

Familv T.; 

Father, 35 yr., normal 

1.89 


Mother, 30 yr., normal 

Son, 6 yr., galactosemic 

1.71 

4.20 

<0.06 

1.75 

Familv W.: 

Son, 5 yr., normal 

2.40 

3.48 

Daughter, 2 yr., galactosemic 

<0.06 

3.75 

T. B., 24 yr., M., galactosemic 

<0.06 

5.25 

B. N., 2 yr., M., galactosemic 

<0.06 

4.80 

K. T., 3 yr., M., galactosemic 

<0.06 

6.60 


Example .—An example of an analysis of filtrate from a hemolysate of a 
nongalactosemic hepatitis patient is illustrated in Fig. 1; eurves are shown for 
UDPG incubation with hemolysate with and tvithout further addition of Gal-1- 
P. DPN is indicator and UDPG dehydrogenase indicator enzyme. In this 
case close to 90 per cent of the UDPG added was converted into UDPGal. 

Fig. 2 shows an analysis of hemolj'sate from a galactosemic patient. It can 
be seen that in this case there is no consumijtion of UDPG even in the presence 
of a large excess of galaetose-l-phosphate. 

As indicated by Fig. 1, the consumption of UDPG proceeds rapidly dur¬ 
ing the incubation and the value found after 30 minutes incubation usually 
corresponds to a consumption of UDPG Avhich amounts to at least 75 per cent 
of the amount added. The reaction rate is considerably higher during the first 
part of the reaction when only a relatively small fraction of UDPG has been 
consumed or if higher concentrations of UDPG are employed. Curiously 
enough even a moderate increase in the UDPG concentration brings about a 
decrease in the rate of transfer; this procedure seems, therefore, undesirable. 





Volume SO 
Number 3 


FNZ\MA'iIC ASS\.l FOIt CONGENITAL GALACIOSEMIA I 


475 


Shoitcr incubation peiiods and employment of less hemolysate should, howevei, 
piovide appropiiate conditions for studying lates iihich arc strictly linear 
with time and hence maximal It should be emphasized that the aim of the 



Ffff I—Xnilysls of nitrate from a nongalactosemlc subject 



TIME/MINUTE 

Fiff 2—Analjsls of flitrate from a B-ilactoscmlc ‘subject 

assay described in this aiticle is not to study detailed kinetics, but to provide 
a field test for scieeiung mdniduals ^vlth congenital galactosemia from other 
individuals 
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These considerations are bronght up here since galactose tolerance tests 
on parents of galactosemic children have revealed that one of the pai'ents usu¬ 
ally shows a somewhat lowered tolerance.'- Thus far we have been unable to 
detect any sti'ildngly lowered activity of the PGal uridyl transferase with our 
test. If such a decrease should be present as a trait, it must be of only mod¬ 
erate proportions. It would, therefoi’c, only be detected under conditions 
which permit a study of maximum rates. Hence, in order to study traits in 
galactosemia by means of the enzymatic assay, it is mandatory to design the 
assay in such a way that initial rates can be recorded. 

It should be noted that the titer has not been found to be altered in pa¬ 
tients suffering from milk allergy or from various kinds of hepatitis, nor was 
it lowered in two eases of pregnancy observed shortly before term. The latter 
two conditions have been found to be associated with abnormal galactose toler¬ 
ance curves.'^’ It may be inadvisable to assay blood after injection of large 
amounts of nicotinamide or nicotinic acid. It is known that nicotinamide and 
especially nicotinic acid plus ghrtaininc, bring aborrt an increase in the DPN 
content of eindhrocytes,"' which in turn could cause undesirable side reactions. 

The assay can be lun qxiite satisfactorily on cord blood of the newborn^ 
and this would seem to be the most feasible procedure for diagno.sis of galacto¬ 
semia in cases where familial historj' would indicate that it might be expected 
in the new offspring. The procedure offers advantages over the drawing of a 
blood sample from the infant after bh’th in certain cases where tendency to 
bleeding is a very dominant featiu-e.’® However, it should be boine in mind 
that admixture of small amounts of maternal blood would, if the latter is nor¬ 
mal, give rise to a detectable amount of the enzyme. 

SUJniAKV 

Details of an enzymatic assay for galactose-l-phosphate uridyl trans¬ 
ferase in blood are described; the assay is based on the consumption of uri- 
dincdiphospho-glueose in the presence of excess galactose-l-phosphate. The 
absence of this enzj-me in blood is charactei-istic of congenital galactosemia, 
and the test serves to diagnose cases of this disorder. 

For valuable technical assistance thanks arc due to Air. Elwood Bynum and to Jli.ss 
Bodil Waage-Jensen, trainee under the American .Scandinavian Foundation through a grant- 
in-aid made available to one of ns (H. AT. K.) by the Eli Lilly Laboratorie-s. 
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A SPECIFIC EiVZYJIATIC ASSAY FOR THE DIAGNOSIS OF 
CONGENITAL GALACTOSEJEA 

II. Tiik Combixeb Test With 4-Epimeha.';e 

Elizabeth S. JI.vxwell, Sc.D., IIkkmax M. Kalckau, Ph.D., and 

Elwakd Byxum, B.S. 

Bktiie.sda, ^Id. 

T he conversion of the galactose stnietiirc into that of glucose in the living 
celP proceeds according to tlic following equation: UDPGai* UDP6. 
The enzyme catalyzing this reaction is called UDPGal4-cpiinerase= and is ab¬ 
breviated 4-epinierasc. (This enzyme has prcA'ionslj’- been called galaelo-Aval- 
denasc.) 4-Ei)imerase from mammalian sources requires DPN as a cofactor.^ 
As mentioned in the previous article/ hemolysates from the human ctythro- 
cytes do not catalyze the conversion of UDPGal to UDPG unless DPN is added. 
This aiipiies to hemolysates from noiaual as well as from galactoscmic indi¬ 
viduals. Iloncc. l/DPGal formed by the enzjTnatie reaction between UDPG 
and Gal-I-P. catalyzed by the enzyme Gal-J-P uridyl transferase, will accumu¬ 
late. This makes it foasildc to estimate the e.xtent of the reaction by tlie con¬ 
sumption of UDPG brought about by addition of Gal-l-P. This assay is called 
the consumption tcst.‘ It would be desirable to reinforce the reproducibility 
and specificity of the diagnostic assay for congenital galactosemia by com¬ 
bining the estimation of UDPG consum])tion with an additional estimation of 
UDPGal formation brought about by the addition of Oal-l-P. This can be 
done by adding purified 4-epimcrase to the filtrate at the termination of the 
UDPG c.stimation. Recent work^ has made it po.ssible to fractionate and iso¬ 
late 4-epimerase in sufiieiently large amounts to niake it feasible, within the 
near future, to have 4-epimerasc commercially available. 

JIETIIODS 

Slock Sohitions .—Stock solutions arc identical with those described in the first paper 
of this soric.s^ with the addition of UDPGnl-t-epimern.se. The preparation of this enzyme 
will be de.scribod in a paper to bo puWi.shed shortly.!-' 

Special Equipment .—Sec paper I of this .series, p. -109, this issue.-* 

Procedure ,—Preparation of blood sanip^^i estimation of hemoglobin, incubation of 
beraolysatos, and deproteinization of the latter are the same ns already described.' 

Prom the National Institute of Arthritis and Metabolic Diseases, National Institutes of 
Health, United States Public Health Service, Betiiesda, Md. 

Received for publication May 17, 1957. 

•The foilowinff abbreviations are used: UDPGal for uridlnediphosphogalactose, UDPG 
for uridinedipliosphoglucose, DPN for dipho.spliopyridine nucleotide. Gal-l-P for a-gaUctosQ-1- 
phosphate. 

tThe fractionation of acetone powder from liver for UDPGa!-i-opimerase which involves 
isoelectric precipitation and fractionation with acetone and ammonium sulphate can now be 
performed with great facility .md in a reproducible way. The fractionated enzyme can be 
lyophilized and kept in this state for months witliout serious loss of activity. A reprint of 
the purification procedure can be obtained on request by communication wltli the autliors of 
the present article. 
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The determination of the TJDPG m the filtiatc is nl*>o performed exacth as described 
in tlic first paper of this senes ^ Iloiiever, iiheii the density increase after addition of 
UDPG deh\ drogenase has le\cled off, 4 epimcrase in the amount of 20 fil (containing 100 
to 300 units*) IS added first to the control curette and subsequently to the cuietto con 
taming galactose 1 phosphate. The third curette containing inorganic pi rophosphate is 
not assai ed nith this enrjme After the addition of 4 cpimerasc, the assay mixture is 
mixed bi placing a piece of parafilm on tlic top of the silica ciiiette and inierting it 
rapidlv seicral times Readings at 340 ni/i are obtained at 30, 60, and 120 seconds after 
the addition of the cnzjme. In order to check for changes in turbiditi, the densitj at 
400 niM IS read at 2^,^ minutes and again at the termination of the nssni The densiti at 
340 m^t IS read at larious interials (i e, 5, 10, 15, and 20 minutes). The density at this 
iiaie length is followed until the increase has lerclcd off. This usunlh requires 40 to GO 
minutes The same routine described for the first curette is carried out for tho second, 
ivhich can be started 4 to 0 minutes after the first. The densitj increase at 340 m/i in 
the control sljould bo zero or negligible (occasionallr a slight decrease appears in tho e\ 
perimontal sample). The number of micromoles of UDPGal formed br interaction of 
Gal 1 P with UDPG should be equiralent to the amount of UDPG consumed (see Fig 1) 
The calculation of aetiritj is carried out as described in paper I * Inasmuch as the densiti 
increase due to addition of 4 cpimerase often proceeds at a slower rate than that caused 
b\ addition of UDPG delii drogenase, the end point mar not be ns sharp in the second 
assaj period as in the first. Hence, the accuracr of the determination obtained bj the 
4 epimcrase maj not be as high as that obtained m the consumption test If tlie accuiaci 
of the consumption test is estimated to about ± 10 per cent, that of the 4 epimcrase test 
mar bo estimated to the order of i 15 to 20 per cent. 

RESULTS 

The lesults obtained using the test described \\ith hemolysates from thiee 
noimal and one galactoscmic adult arc shown in Table I The A D/ 34 C. in the 


Tabif I Analysis of Filtrates by the Consumption Test and by the Combined Test 
With 4 Epimerase 



a d/340 

Y D/340 


WITH PBHl DPOOEVASC ' 

WITH 4 EPIMFRASE 


I UITHOUT 1 

1 MITHOUT 

SUBJFCT 

WITH GAL I P 1 GAI 1 r 

WITH GAL 1 P 1 GAL 1 P 


1 Normal .idult 

0 025 

0 405 

0 340 

-0 010 

2 Normal adult 

0 025 

0 395 

0 350 

+0 010 

3 Normal adult 

0130 

0.360 

0 250 

+0 020 

4 Galacto'semic adult 

0 305 

0 300 

0 

0 


fit St two columns of the table is due to reduction of DPN by UDPG and the 
specific dehydrogenase. It is, thcicfoic, a mcasuie of UDPG remaining after 
incubation of hemolysates and UDPG with or without the addition of Gal-l-P. 
In the case of normal individuals there is less UDPG remaining, and hence 
less A D/ 340 , when Gal-l-P is present during the incubation ivith hemolysate 
than when Gal-l-P is not added This is due to the presence in the hemolysate 
of the enzyme Gal-l-P uiidyl tiansferasc, which forms UDPGal fiom UDPG 
and Gal-l-P. Since this enzyme is missing in hemolysates from galactoscmic 
individuals, theic is no disappeaiance of UDPG upon incubation with Gal-l-P. 
The amount of UDPG remaining, and hence the A D/ 340 , is the same after 

•One unit is a density increase at 340 m;t of 0 001 per minute in 0 5 ml with optimal 
sub'strate concentration 5 Since the conditions In flitrates of hemol>sate are not optimal, the 
density Increase in the present assay will be 0 020 to 0 040 per minute 
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incubation with or without Gal-l-P. The A D/.io in the last two columns is 
due to DPN reduced in the same cuvettes alter conversion of UDPGal to 
UDPCt by the 4-epimerase. It is, therefore, a measure of UDPGal formed Ijy 
the enzyme Gal-l-P uridyl transferase upon incubation of hemolysates with 
UDP6 and Gal-l-P. Since hemolysates from normal individuals contain this 
enzyme, there is UDPGal formed, and hence a high A D/ajo, when Gal-l-P is 
present during the incubation. When Gal-l-P is not added, there is no 
UDPGal formed and hence no A D/aio. In the case of galactosemic individuals 
there is no UDPGal formed, and hence no A D/aio even when Gal-l-P is added. 
Figs. 1 and 2 are grapliic representations of two of the same determinations. 



Fig. 1.—Analysis ot nitrate ot normal adult UDPG dehydrogenase added at 0 minute; 
•1-cpimerase added at 40-mlnute point (Indicated by arrow). 



TIME (MIN) 


2 —^Analysis of filtrate in galactosemic adult UDPG dehydrogenase added at 0 minute: 
4-epimerase added at 30-minute point (indicated by arrow) 


SUMMARY 

The first paper of this series described a specific enzymatic assay for the 
diagnosis of congenital galactosemia. This test was based on the determination 
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of the amount of uridmedipliosphoglucose utilised ulicn tins midme nu 
cleotide is incubated inth led blood cell liemoljsates and galactose 1 phos 
phate The present papei extends the assay to include not onlj a measuie of 
iiridmediphosphogliicose utilized but also a measiiic of uiidincdiphospho 
galactose foimed duiiiig the incubation 
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ASPIRATION OP BONE J^IARROW FRO.AI THE ANTERIOR SUPERIOR 

ILIAC SPINE 

R. J. Lkitixr, 3[.D. 

ICxoxyiixt:, Ti;xx. 

T IUI purpose of this article is to describe briefly an a))parcntly new method 
of bone marrow aspiration ■wliieii lias been liiprhly satisfactory in my liands 
for the past ciglit years. 

Mr/rnoD 

The site of jimictvirc is tho nntenor superior ilinc “^pino. It is locntcd with fingers 
ns nil ovnl protubernnee (I’lg. 1). Totlowing preparation of the skin nnd after local 
ancstliosin lias been oUeeted, the piiricliire needle is lodged securely in the periosteum in 
tho iniddlo of this protuberance. The patient should be lying tint, preferably on a firm 
surface. With the pelvis m this position the needle is pre==ed into the ileum pointing 
slightly ceplinlnd (Fig. 2i. 



Fig 1 —The oval protuberance of the supcrioi iliac spine is located between the 
thumbs and foreflnsers, 

Pjjj. 2 —The needle is lodged m the middle of the superior iliac spine pointing slightly 
cephalad. 


In children this method allo^vs for better control of the puncture site. An assistant 
places one hand on the opposite hip and the other arm on the thighs. A second assistant 
holds tho arms. The operator places the hj-pothenar eminences of both liands so as to 

From tlie Laboratorj- Department of East Tennessee Baptist Hospital, Knoxville, Tenn. 
Received for publication Feb 20. 1957. 
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exert pressure for coutrol on the hip. The needle cnn be lodged mth the thumb and 
forefinger. Pressure is then applied with one hand nhile control of the hip is maintained 
with the other. 

DISCUSSION 

The superioi* iliac spinal puncture has been easier than sternal puncture 
in my liands This has been in a large part due to increased cooperation of the 
patient. There is considerable apprehension by the patient vvlien a large needle 
IS introduced into his chest just over the heart. This apprehension is often 
shared by the operator, particularly when he seldom pertorms bone marrow 
aspiration While the incidence of injury of underlying structures has not 
been great in sternal puncture, it is ncvcithclcss a possibility.' 



Pig- 3—Longitudinal section of the superior lilac spmc allowing thinner compact bone at 
the site of puncture Indicated by arrow 



Pjg. 4—Cross section of the superior iliac spine at the site of puncture showing the compact 
Pone of the lateral wall of the Ilium 

The iliac spine is a leadily accessible area. Its iiiovement relative to the 
puncture can easily be conti oiled by the technique described. This is particu¬ 
larly impoitaiit in obtaining bone matiow from cliildren Firm pressure may 
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be applied to the needle Avlion lod"ed in the iliac spine williont trepidation. 
Since tlie bone of the spine is relatively porous, it will not allow the needle to 
slip off into the soft tissues, once it has been eorrcctlv lodged. In case the needle 
should suddenlj' puncture through an easily yielding cortex, as occasionally 
happens in bone which has been altered by hyperplastic bone marrow, the 
inoinontum can carry the needle point to only a dense, oblique, iliac wall 
cortex. 

i\Iicrosco])ic study of the superior iliac .spinal bone structure indicates 
that it is particularly favorable for marrow a.spiration. The cortical hone 
density over the spine at the site of puncture is less than over the iliac crest 
(h'ig. 3) and is considerably Ic.ss as compared to the lateral wall of the ilium 
(Fig. 4). It is anatomically adA-antageous to lodge the needle in the middle 
of the iliac sjune and to introduce it with a lo degree ccphalad direction as 
described, but considerable margin of deviation from the 15 degree angle 
will be satisfactory. When the needle is lodged exactly in the center of the 
iliac spine, even extreme ajigles Avill alloAv the needle to enter the marrow 
space. 

The iliac bone marroAV has been satisfactorj* for diagnostic pui'poses. 
Duplicate studies. Avhen done Avith sternal marroAv specimens, have indicated 
no vanations. This has also been the experience of othe7AS.= Occasional di* 
lution of spceinions Avas encountered, but inadequate or unsatisfactory s])eci- 
mens were confined to eases of bone marrow hypoplasia and similar condi¬ 
tions, Avhich Avcrc subsequently demonstrated by repeated aspiration at sca'- 
eral sites, and marroAV biopsy. 

SUJtM.AKV 

Aspiration of bone marroAv from the anterior superior iliac spine is de¬ 
scribed and discussed as having advantages over the methods generally in use. 
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A FLUORO.METKIC JtCTHOD FOR TOTAL SERUJI CHOLESTEROL 
D B JIcDoug vl, Jr » M D ,* vnd H S P \rmer 
St Louis, !Mo 

A METHOD foi seiuin cliolcsteiol was needed for tlic lapicl analysi'5 of the 
small amounts of blood axailablc fiom the tip of a lat’s tail A simple 
method was developed 'which requires 4 /tl of senim or less Aside fiom its 
high sensitiMt\, the method offeis ceitain adiantages in case of mampulation 
o\er methods ciiiiently in use m climcal laboiatones * ^ It was thought there 
foic, that the method might be of inteicst to those conceined with clinical esti 
motion of cholcsteiol The proccduie is based on a flnoiometnc method pre 
Mouslv published 

MATERniS \ND EQUIPMENT 

Acetic ncid, acetic anhydride, nnd «ulfunc acid meeting ACS specifications for analytic 
reagenta may be used nitliout further purification 1,1,2 TnchloroetUanct is puiified as 
folloi\8i it la distilled, the fraction boiling it Ul* to 113* C is colleited, nashul 4 time'* 
with 01 Tolumc of concentrated sulfuric acid, tmeo with water, and dried over anhydrous 
sodium sulfate CJlioloaterol standard solutions (100 to 400 mg per cent) are prepared m 
trjcWoroc thane 

Lang Lovj constriction pipettes^ « are u<itd for iolumes Uvs than 1 ml For concen 
trated sulfuric acid, because of the high viscositj, the tip and constriction need to be rather 
wide 

Fluorometer tubes are selected fiom 3 ml (10 x 73 nun ) Pjrcx test tubes Thej arc 
cleaned b> nnsing twice wath a detergent solution (Dreft Prorfor anl CJamble other deter 
gents may be as good or better but have not been tested) and 4 times with distilled water 

PROCEDURE 

Four microhters of serum are added to 40 #il of a 3 2 mixture (V/\ ) of ghcjal acetic 
acid and tnchloroethane in 10 x 75 mm tubes A precipitate forms, but will dis^ohe with 
thorough Kuxmg (if care is not taken to dissohe the precipitate at this point the lesuUs 
will be erratic and low) do the clear solution, 1 ml of a freshly prepared mixture of 
tnchlorocthano and acetic anhjdnde 5 1 (V/\ ) is added h} sjnnge pi| ettet and mixed 
40 fi\ of concentrated sulfunc acid are then added with immediate and thorough miNin,, $ 
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{Rapid efnclent mixlni, is easil> obtained bx buzzing ' wluch eliminates Uie netd for 
the introduction of any implement into the solution This may be accomplished with slrapJc 
equipment in use In this laboratory for many jears It is believed that buzzing would save 
time and equipment in mans laboratoiy opei itiona and nieriis a brn T de'scription Tubc'v 
of 2 to 10 mm diameter are held ftmily against a steel cone mounted on the shaft of a 
small motor (1/25 HP 5 000 rpra Tjpe NSE 11 Bodinc Llectrlc Companj Chicago No 
2168 1950) The cone 2 in in over all length is turned from a % in steel rod The taper 
occupies in of the overall length A in hole % In deep is drllJed in the large enl 
at an angle of about 2“ with the axis (The tip of the cone is tiierefore about Vic m off 
center whereas the base is nearly on center > The speed of tiie motor is poverncii a 
variable transfonner (Tjpe 20 Powerstat Superior Electric Company Bristol Conn) the. 
smaller the tube the higher the speed required Tubes of lO to IS mm diameter may be 
stirred equally well with a larger motor (U HP 1 750 rpm > fitted with a slightly bent 
Steel rod No loss of contents occurs provided the tube is no more than one third to two 
fifths full 
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The mixture is centrifuged, and the clear supernatant solution is poured into tluoromcler 
tubes. The samples are read using Corning filters Kos. 4010 and 5120 for flic primary, 
isolating the 540 m/i niorcnry line, and No. 2424 (a cut-off filter with 37 per cent trans¬ 
mittance at 590 mp) for the secondary'. Solutions of 0.01 to 0.1 mg. per cent safranino 
O* or rhodamino Bt in 0.01 N IICl may be used in the rcferoiit'e tube to act the tiuorometer. 
At least forty’ minutes arc allowed to elapse between the addition of sulfuric acid and read- 
ing. Thereafter time i.s not critical, but after several hours two phases separate and 
readings are no longer accurate. 

To the blanks, 4 /il of water arc added instead of serum. Standards are prepared by 
adding 4 pi of water and 5 to 40 pg of cholesterol in 5 to 10 pi of trichloroothano to the 
acetic acid—trichloroethanc mixture. At final concentrations of cliolcstcrol above 5 pg per 
ml., fluorescence is not proportional to the concentration and calculation may- be made from 
a standard curve. 

If serum is not limited and pipetting 4 pi .seems difficult, a larger volume of serum may 
bo diluted with 10 volumes of the acetic acid-tricliloroethaiie mixture. A 40 pi aliquot of this 
may be added to 1 ml. of the trichloroethanc-acelic anliydridc mixture, and the analysis 
completed as described. 


Tahle I. Ciior.ESTEiiOE Recovery by Piioi'OSed Method 


SERUM 

CHOLESTEROL 1 

CnOEE.STEROL ADDED 

(mC-) 

CIIOLESTEROI, 

RECOVERED 

MG. % 

1 po IN SAMPLE 

0‘a) I 

(%) 

214 

9.05 

0.12 

5.8S 

90 




5.88 

90 




5.45 

89 




5.55 

91 

198 

8.30 

0.12 

5.47 

89 




5.70 

94 




5.70 

94 




5.97 

98 

103 

0.88 

0.12 

5.97 

98 




5.77 

94 




0.45 

105 




0.45 

105 

200 

11.23 

0.12 

0.35 

88 




5.54 

90 




5.77 

94 




5.54 

91 

209 

11.30 

15.35 

15.84 

103 




15.72 

102 




14.80 

97 




15.09 

98 

507 

21.40 

15.35 

14.37 

94 




13.95 

91 




14.30 

93 




14.47 

94 

338 

14.23 

15.35 

14.00 

95 




15.79 

103 




14.70 

90 




15.02 

.08 

Average 




90 


COMMENTS ON THE METHOD 

The initial dilution of serum with the acetic acid-trichloroethan mixture 
permits subsequent addition of a large volume of trichloroethane-acetic anhy¬ 
dride without trapping cholesterol in the precipitate. Without this preliminary 
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step, tlic lesults aie iinaiiablj low 'When 5 to 17 \olumes of acetic acid- 
tiiehloioethane aie mi\ed with 1 lolume of serum a clear solution results With 
less than 5 oi moie than 17 lolumes the mixture is cloudj 

The concentiation of sulfuric acid used is optimal With lowei concentra 
tions, deielopnicnt of fluorescence is slowei and incomplete With higher con 
ceiitiations, two liquid phases are piesent 

After the addition of siilfuiic aeid the precipitate maj’ stick to the walls 
of the tube ahoic the sohent lei el Tins has no effect on the precision of the 
lesults 



FIs’ 1 —Development of fluorescence with time for cholesterol cholesterol stearate and 
serum extract The tubes contained 6 88 /tl of cholesterol solution (4 mil 155 mg per cent) 
Or cholesterol stearate <4 mil) or 4 Z2 fit of serum KZ'O mg per cent) in a ftnal volume of 
1 09 ml Water (4 fil) was added to cholesterol and cholesterol stearate tubes The actual 
readings at 46 minutes were cholesterol 75 0 cholesterol stearate 75 6 and scrum 90 7 
(interpolated) 

RESULTS 

After the initial rapid deielopment of fluoiescencc, there is a slow rise 
(about 20 per cent pei hour, Pig I) However, since the percentage change in 
fluorescence with time is about the same foi the samples and the standaids, this 
rise docs not affect the lesiflts if the tubes are read in the order in which 
sulfuric acid was added, and the readings may be made at leisure 

There is little diffeience between the fluorescence developed fiom cholesterol 
and cholesterol stearate on an eqnimolai basis, and w hat difference there is dis 
appears after 30 minutes (Pig 1) 

Since substances other than cholesterol will interfere with this method 
only to the extent that they do with the method of Albers and Lowrj,* it is 
calculated that the lionuonal steroids and bile salts present in blood contribute 
less than 3 mg pei cent to the final apparent cholesterol Jei el 

Reooverj experiments w ere perfoimed, and the results ai e giv eii in Table I 
Eecoiery of added cholesteiol averaged 96 per cent It is uncertain whetliei 
lecovei-y bj other methods may not also bo incomplete since it is difficult m 
those methods to introduce cholesterol in a valid mannei 
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step, tlie results aie iinaiiably lou When 5 to 17 tolumes of aectio acid- 
tiicliloioethane are mixed with 1 xolrnne of scnim a clear solution results With 
less than 5 oi more than 17 x olumes tlic mixture is clondj' 

The concentiation of sulfuric acid used is optimal AVith loiiei concentra 
tions, deiclopmcnt of fliiorcsconee is slower and incomplete With higher con 
centiations, two liquid phases are present 

After the addition of sulfuric acid the precipitate maj stick to the walls 
of the tube ahoxe the sohent Icxcl This has no effect on the precision of the 
results 



Flfir 1 •—Deiclopment of Cuorescence with time for cholesterol cholesterol stearate and 
serum extract The tubes contained 6 88 al of cholesterol solution (4 mM 155 me per cent) 
or cholesterol stearate (4 mAI) or 4 22 of scrum (2 0 mg- per cent) In a final volume of 
109 ml "Water (4 ti\) was added to cholesterol and cholesterol stearate tubes The actual 
readings at 45 minutes were cholesterol /5 0 cholesterol stearate 76 6 and serum 90” 
(Interpolated) 

RESULTS 

After the initial rapid development of fluorescence, there is a slow nse 
(about 20 per cent poi hoiii, Fiff 1) However, since the percentage clnnge m 
fluorescence with time is about the same for the samples and the standaids tbis 
rise does not affect the lesults i£ the tubes are read in tlie order in which 
sulfuric acid was added, and the resdings may be made at leisure 

There is little diffeionce between the fluorescence developed from oholfstcw’ 
and cholesterol steaiate on an equimolar basis, and what difference there i8 
appears after 30 minutes (Pig 1) 

Since substances other than cholesterol will inteifere with flu® 
only to the extent that they do with the method of Albers and ‘ j ” 
calculated that the hormonal steroids and bile salts piescnt m blood eo"'" 
less than 3 mg pei cent to the final apparent cholesterol level , 

Recover} experiments vveie performed, and the lesulls are gi'O" 

Recovei} of added cholesterol averaged 96 per cent R « ^ 

lecovery by other methods may not also be incomplete since d 
those methods to introduce cholesterol in a valid mannei 
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The results obtained with tlic new method were compared with those 
obtained by the method now in use in Barnes Hospital*’ and with those obtained 
by the method of Albers and Lowiy."' The coiTcspondence was good (Table TI). 


Table II. CnoLESTEnoa Vai.ue.s Outaiked by Tiirek DirrEnENT Methobs 


1 

SKRUM 1 

KBMBEU 1 

S.MFF.r. AXB 1 

KAF.ArAtEKERl I 

(mo. per cekt) I 

AI.BEV.S ASP j 

LOWRY* 1 

(MO. PER test) i 

PRESEXT MHTHOn 

(mo, per cext) 

1 

217 

200 

209 

o 

ir>7 

187 

387 

.3 

138 

154 

360 

4 

272 

230 

268 

.1 

3sn 

331 

.522 

6 

333 

323 

333 

7 

245 

234 

262 

Average 

2sn 

272 

277 


DISCUS-SION 

The present metiiod appear.s to be simpler than methods now in use for 
serum cholesterol. Tliirty to si.xty samples may l)c run in three hours or less, 
and the samples are to Vie.-. Ihe size of those required by other methods. No 
attempt has been made to develop maximum sensitivity, but a ton to twenty 
fold increase could doubtless be obtained merely by a corresponding reduction 
in the volumes used. 

The mctliod has been used for repeated determinations on the sera of rats 
with satisfactoiy results. It has also been successfully applied to rat and human 
liver homogenates, f 

SUMMARY 

A simple, rapid, accurate fluoromelidc method for the assay of total serum 
cholesterol is described requiring as little as 4 /d of serum. Sixty anal.vses may 
be run in less than three hours. 

Grateful acknowledgment is made to Drs. O. II. Dowry and E. Robins for help and 
encouragement. 
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" ‘Vitamin A and Carotene in Small Quantities of Blood Serum, ,1. Biol. Chem. 
168: 177-188, 1946. 

^le are indebted to Dr. H M Perry of tlie Depiutment of Jledie.lne for these deternii- 

nations. ^ t 

IPersonal communication. Dr. H. B Burcii, 









A RAPID i\IETHOD FOR PREPARATION OP PLASMA PROTEINS 
FOR RADIOASSAY 

Joseph K\tz, Ph D , Auin L Sellers, jVI D , and JtbbiE Marmorston, jM D 
Los Angeles, Calif. 

■\VirH the Techmcal Assistance of Shirley Rauch, B A 

T he use of plasma proteins labeled A\illi radioisotopes in metabolic studies 
is quite e\tensne Foi beta ray assay, tMO gencial methods of sample 
pieparation have been used. In one, the puiified fi actions aie combusted to 
caibonate oi sulfate^ In the other, the pioteins aic conveited to fine dry 
powdeis- Both methods aic slow and tedious, the fiist lequiies combustion 
and the second requires repeated washings and ccntiifugations 

A simple and lapid method is desciibcd hcie for piepaiing plasma piotein 
for beta ray assay Piotein is flocculated b\ hot tiichloioacctic acid and the 
precipitate plated on filter paper. Another pioceduic using piotein mounting 
on filter paper has also been desenbed by Aimstiong and associates® 

MATERIALS AND METHODS 

Jieagents —Three and ten per cent solutions of trichloroacetic acid, acetone, and acetone 
ethyl ether (1 1) arc employed 

Materials —Yliatman No 540 filter paper This is available in diameters of 21, 2 4, 
and 3 7 cm All thc^c sues are used m this laboratory and the choice depends on tlie amount 
of protein (see below) and the of Geiger tubes available Most commercnlly available 
tliin mica window tubes have an internal diameter of about one inch Tiie diameter of the 
protem precipitate is 4 to 6 mm smaller than that of the paper, tlicrefore, iMth these tubes, 
only the two smaller sizes of paper can be used With metalized plastic window tubes of a 
larger internal diameter, use of the 3 7 cm paper is advantageous and permits the use of 
larger amounts of protein * 

The filtering device for use with 2 4 cm paper is shown in Fig. If A coarse smter and 
well ground surfaces are important For efficient operation two such filters are used simultaue 
ously. 

Procedure —^Au aliquot of plasma, serum, or protein solution containing 5 to CO mg 
of protem (see below) in a 20 x 150 ml tube is diluted with 0 9 per cent sodium chloride 
solution to 5 ml Ten milliUters of 10 per cent tncliloroacetic acid arc added and tlic tubes 
heated for 10 minutes in a gentlj boilmg water bath 

To assay plasma albumin, aliquots of plasma in plastic tubes are diluted to 1 0 ml 
with 0 9 per cent ‘sodium chloride, 5 ml of 33 pei cent ammonium sulfate is then added The 

From the Institute for Medical Hesearcb Cedars of Lebanon Hospital, and the Depart¬ 
ment of Medicine Universitj of Southern California School of Medicine, Los Angeles 

This investigation was supported bj a Research Grant from the United States public 
Health Service 

Received for publication March 8, 1957 

•Covered plastic holders in book form containing 20 to 25 papers facilitate greatly 
the handling and storage of the samples These are available from Research Specialties 
Co. 2005 Hopkins Avenue, Berkeley, Calif 

tThe filters can be ordered from California Glassblowlng Co, 35 South Rajmond Avenue 
Pasadena, Calif 
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precipitates in the medium range. Indeed, in the 30 to 20 mg. range, even with 
a large numbei- of samples, the total error does not greatly exceed the statis¬ 
tical error of counting. 

The self-adsorption witli the hard beta radiation of I"' is small and, as 
seen in Table 1, within a 30 mg. range it is not significant. By selecting a 
working range of 8 to 36 mg. of protein, we have avoided self-adsorption cor¬ 
rections altogether. 



Pig. 2.—Self-absorption of C“-Inbeled rat plasma proteins Proteins precipitated on 2 I 
cm, Whatman No. 540 Alter paper The area of pieclpttate Is S.l sq cm. Activity \\as as¬ 
sayed with a gas Aow, plastic window tube The extrapolated spcciAc activities for 0 mass 
uere as cts./mg’/min., 38 for total plasma piotcin, SI foi albiimm, and 14 for globulin 
Krror of counting ±5 per cent 


Results obtained with C“-labeled rat plasma proteins are presented in 
Fig. 2 where the specifie activity is plotted as a ftinction of sample weight. 

The specific activities decrease linearly until 12 mg. beyond that the slopes 
flatten out markedly. In the linear range, the self-adsorption of the globulin 
and total plasma protein precipitates was about the same hut larger than that 
of albumin. Thus, when the extrapolated specific acti'vdty at 0 mass is taken 
as 1, the observed specific activity at 10 mg. (3.2 mg. per square centimeter) 
was 0.55 and 0.57 for total protein and globulin, hut 0.66 for albumin. The 
optimal weight range is from 6 to 10 mg. requiring about 0.1 to 0.2 ml. of 
plasma for total protein, and twice this for globulin and albumin assays. 



\ol me JO Pin PAHA.1ION 01' PL VSMxV PKOTEINS FOP KADIOASSA-i 400 

Number 3 

AVith lats, the amount of l)looil that can bo diawn icpeateclly is limited, but 
uhon laigrei amounts of plasma ate* a\ailabIo the use of laigei papeis, thus 
mcicabing the uoiking lange, is piefciablc 

The method desciibod lieic docs not ha^c the pucision attainable uhen 
samples aie combusted and assayed as BaCOa, howevci, it has the ad^antage 
of speed and is sufficiently piceisc foi inanj pui poses 

SUMM vn\ 

A simple and lapid technique foi ladioactnity assa\ of isotopicallj 
labeled plasma pioteins is doseiibed The plasma pioteins aic flocculated bj 
hot tnehloioacctie acid and mounted on filter papei disks Results obtained 
uith and labeled plasma pioteins aie dcsciibed 

Addi \dum* 

ReLeatlj \\c lm^c found gHss fibtr filter paper for mounting precipitates This 

paper (made b^ Hurlbut Pn[)er Co, I\o A—934—Ah, distributed b\ Kee%e, Angel and Co) 
IS a\nilable in 24 mm and 37 mm sizes Although more retenti\e, it filters much faster 
than Imtman 540 or 542 paper, it is lighter and tends less to curl 

For assa^, the papers are put in regular shallow aluminum planchets and are held 
in place irith a flat brass t\asher 


REFEHENCES 

1 Aronoff, S Techniques of Radiobiochemistrj, Ames, 3050, loua State College Press 

2 Abdou, I A, and Tarter, H Plasma Protein, Loss From Circulation and Catabolism 

to Carbou Dioxide, J Biol Chcin 190 70% 1951, 

3 Armstrong S II, JEcIeod, K, ‘Woltcr, J, ind Kukral, J The Persistence in Blood of 

the Pndioactite Label of Albumin, Gamma Globulins, Globulins ot Intermediate 
ilobihtj Studied With and Papei Electrophoresis, J Lab Ciin Med 43 
918, 1954 


Erratum 

In the article bj Datid Platt, MS, Howard L Hollet, lED, and Uard Pigman, 
Ph D, entitled “Changes in the Electrophoretic Behat lor of Arthritic Sj novial Fluid 
Components Following Intra articular Steroid Therapi,” which appeared in the Maj is»ue 
of the Jours AL, pages 702 700, the last paragraph on page 703 should read ns follows 

“Total nitrogen expresaed as protein (g nitrogen x 6 25) m the actiie state i\craged 
50±11 (SD) g per 100 ml and nondiahzable nitrogen x 6 do a\eraged 4 0 ± 1 1 g per 
300 ml Upon iniproi ement, the a\ernge total nitrogen x6 25 was49±lGg per 100 ml 
and the aierage noncliahzable nitrogen x6 25 was 45117 g per 100 ml ” 


'Note added In proof 



A SIIOET ALBUJIIN METHOD FOR THE DEMONSTRATION OP 
ISOIIEMAGGLUTININS, PARTICULilRLY INCOJIPLETE 
Rh ANTIBODIES 

SLmuon Lewis and Bkuce Ciiown, M.I). 

Winnipeg, Canada 

T he method liero described, whicJi we liave used for several years, developed 
out of one we published in 394Sd It differs from lliose described in standard 
manuals-'” and has advantages over thorn: it is rapid and in our hands, using un¬ 
diluted sciaim alone, it never misses a so-called zone Rh antibody. Purthermore 
it will detect weak Rh antibodies, even, in a rare case, picking up such an anti¬ 
body that does not react by the saline, tin-psin, or indirect Coombs methods. 

No one method will detect all antibodies; tlic present one wll pick up 
anti-A, B, 0 or H, M, S, s, P, Tv, k, Le*, Le*', the Rh antibodies and some of 
the rare ones. In our liands no albumin method has been successful with 
all anti-Fy“ antibodies; for them the indirect Coombs method is nceessaiy. 

METHODS 

I. When Several Sera Arc To ISc Tested With Any One lihotl Sample .— 

1. Wasli ttie cells 3 times in saline. Spin to pack, niid remove the rcinniniiig s.'iliiie as 
coniplcfoly as possible mith a Pasteur pipette. 

2. One drop of an albumin-rcd-cell nii,\turc is to be used with each scrum under test 
(and each dilution of eacii .scrum that is to bo titrated). Of 30 per cent bovine albumin,* 
place, to the nearest 10 drojis, the uunibcr of drops so needed in a stiinll test tube, and for 
every 10 drops of albumin add 1 drop of the washed, packed red cells. Mi.v well. 

3. With n serologic pipette place 1 drop of each serum under test in a test tube SO by 6 
mm. internal diameter, follon'cd by 1 drop of the albumin-rcd-cell suspension. Mix vigorously. 
Let stand for 10 minutes at room temperature using on automatic timer. Spin at 1,500 r.p.m. 
for 2 minutes. The exact timing is most important both for the origiiml “incubation” and 
for the centrifuging. 

4. The reaction may be read at once or may be left for reading at a later converiienf 
time. Headings are made macroscopically by rotating the tube gently until al! cells are freed 
flora the bottom, and than gently tilting them up and down along the side of the tube. The 
leadings are as follows: 

S one solid clump with a smooth constant edge; 

S' one clump that does not retain a smooth edge; 

++++ 2 or 3 largo clumps in clear fluid; or one clump that 
breaks into 2 or 3 on tilting; 

+++ several large clumps in clear fluid; 

4+ small clumps in clear fluid; 

4 distinct evenly distributed fine clumps (like brick dust); 

- no clumps visible to the naked eye. 

When dealing with an unknown serum all reactions are road microscopically (with a 
known Eh antibody, the solid to 44-h- reactions would not be). Take a glass rod about 4 mm. 

Prom the Blood Group Beferenoe and Research Laboratorj-. Children's Hospital Postal 
address: 735 Notre Dame Ave., Winnipeg 3, Manitoba 
Received for publication March 29, 1957. 

•We have found Armour’s satisfactory. 
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in diameter !>} 10 cm long, dip it in saline and place a small drop on a slide (As manj as 
18 dropSj 0 m nch of tuo rows, cm lie pHicd on one ^lidc ) Bounce the rod in 1 cell albumin 
serum mucture Some cells adhere to the rod, mix thc«e in one of the drops of saline and 
spread gentlj With good cjesight the macroscopic and microscopic readings should agree 
dowTi to a + reading Beyond this one maj read a weak. + and a trace reaction nxicroscopicallj’, 
the latter no more than an uneven appearance of the cell distribution These are recorded, 
respectively, as + and tr, the upper bar being the macroscopic and the lower the microscopic 
reading 

The above is our standard method when a number, say 30 to 50, Eh negative pregnancy 
bloods are being tested on one day and an average amount of serum is available The test 
cells are selected to include all known antigens, at least 2 different test cells being used 
Mixtures of test cells are not used because of the difficulty thereby encountered in reading 
very weak reactions 

II JThen Only o Small Volume of Serum Is Atailable — 

A To test the scrum against a single blood sample 

1 Wash cells as above, removmg the final saline as completely as possible 

2 Using a fine Pasteur pipette, place first m the bottom of a test tube of 50 by 5 mm 
internal diameter 1 small, measured drop of serum, and then 2 drop of equal size of 30 per 
cent bovino albumin (The drop used is roughly 0 02 ml TIic tip of the pipette is marked 
with a grease pencil at the level to contain this amount ) 

3 Bmse the pipette and dip the tip m the concentrated red cells Take up a volume 
equal to approximately one fifth of the volume of serum and place it m the serum albumin 
mixture 

4 Mix thoroughly, flicking if necessary to get rid of any bubbles 

5 Let stand for 10 minutes at room temperature, centrifuge at 1500 rpm for 
minutes and read macroscopically as above For the microscopic readmg take a drop of the 
sediment up in a Pasteur pipette, place it in a drop of saline on a slide, and draw the mixture 
gently across the slide, making a pool approximately 2 3 by 10 mm 

B To test a serum against a large panel of cells 

1 Add to the required amount of serum an equal voluume of 30 per cent bovine albumin 
Mix thoroughly The portion of this mixture not used at once may be stored frozen 

2 Wash red cells as above, removing all supernatant 

3 Place 2 measured drops (as above) of the serum albumin mixture in the small test 

tube 

4 Add red cells as in IIA and proceed as there outlined 

III Titration of an Albumin Active Antibody —^Twofold serial dilutions of tlie serum 
under test arc made in normal salmo, and the tests arc then carried out as above 

Examples of Use With High Titer and Zone Antibodies — We have long 
been satisfied with this method for demonstrating the presence, specificity, and 
titei of albumin acti\e, particularly Rh, antibodies Nevertheless, we thought 
it desirable to compare our method in our hands with the standard National In¬ 
stitutes of Health method in the hands of someone expeit in the use of the latter 
in this Dr Neva Abelson kindly cooperated, we aie most grateful to her. 

Dr Abelson sent us the following five sera 

No 271 From a sterilized woman who had been stimulated to further antibody 
production 

No 317 From a man with a transfusion history, whose antibody had been stimu 
lated over a period of time 

No 307 From a woman whose antibody was completely missed in another labora 
tory because of a zone 



DIRECT TITRATION OP CALCIUM IN BLOOD SERUM 

Robert L. Golby, ]\[.D.,*^ Gary P. Hildebrand, jM.A.,** and 
Charles N. Reilley, Pii.D.*® 

CiiAi»EL Hill, N. C. 

T he direct titration of calcium in blood serum would save substantial amounts 
of time in laboratories now using the classic Clark and Collip^ modification 
of the Kramer and Tisdall- mctiiod or the method as later modified by Tisdall.^ 
A direct titration has been described by Elliott'' using disodium ethylcnediamine- 
tetraacetate (EDTA) as a complexometric titrating agent noth ammonium pur- 
purate as an indicator. This indicator has certain disadvantages. In addition 
to its instability it has been the experience of the aiithoi’s and other workers 
in those laboratories that the pink to purple color change is difficult to judge. 
In the presence of magnesium, as Hildebrand and Rcillcy= point out, this color 
change is even more gradual and indefinite. Because of these difficulties the 
latter authors” proposed the use of a new indicator (Calcon) for the titration 
of calcium. 

Calcon, l-(2-hydroxy-l-naphthylazo)'2-naphthol-4-sulfonic acid, CI202, pro¬ 
duces a blue color between pH values of 7.4 and 13.5 in aciueous solutions. Be¬ 
low a pH of 7.4 or above a pH of 13.5 the indicator is pink. At a pH of approxi¬ 
mately 13, where magnesium is precipitated as the hydroxide, only calcium ions 
react with the indicator to form a pink-colored complex. One may then titrate 
the calcium directly with EDTA, the end point being detected by a color change 
from pink to pure blue. 

The procedure proposed herein uses this indicator to detect the end point 
in the direct EDTA titration of calcium in scrum. It is rajiid, requires only 
one milliliter of serum, and the color change from pink to pure bine is reasonably 
distinct. Furthermore calcium may be determined directly in serum without 
prior precipitation and washing. 

JIATERIALS AND METHODS 

Indicator Solulion. —Fifty milliRrams of Calcout arc dissolved in 10 ml. of methanol. 
This solution is stable for several ■necks at room temperature. 

Sodium Hydroxide S Jf.—Eighty grams of KaOIIt are dissolved in distilled water and 
diluted to one liter. 

EDTA Sohdion O.OSOO Jf.—Appro.ximatcly 3.7 Gm. of disodium cthylcnediamino tetra¬ 
acetate dihydratet are dissolved in 200 ml. of distilled water. Tliis solution is standardized 
by the procedure outlined below. 

Standard Calcium Solution. —Primary standard grade calcium carbonate} is dried in an 
oven overnight at 110° C. Exactly 0.1001 Gra. is transferred to a 100 ml. volumetric flask 

From the Department of Biochemlstrj’ and Nutrition. School of Medicine, University of 
North Carolina. Chapel Hill, N. C. 

This research was supported in part bv tlie United States Air Force througli the Air 
Force Office of Scientific Research of the Air Researcli and Development Command under 
contract No. AF 18 (GOO)-1160. 

Received for publication April 8, 1957. 
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svith about IT ml of distilled water Two millilittr*! of 1 M HCl are added to t'le flask 
whicb IS then heated on a hotplate to about 60“ C to insure complete solution and evolution 
of carbon dioxide The inside of the flask is nnsed down with small volumes of distilled 
water while the solution is still hot After cooling to room temperature, the contents of 
the flask are diluted to the mark with distilled water One imlhliter of this stock standard 
contams 0 40 mg calcium per raiUihter The working standard, containing 010 mg cal 
cinm per 5 ml, is made bj diluting 5 ml of the stock standard to 100 ml in a separate 
volumetric flask 


SfaTi<inrdt'’fltion of EDTA Solution—^Fi\e tmlUliters of the working standard (010 
mg calcium) are pipetted into a 50 ml beaker, 4 ml of 2 M MaOH arc added, and the 
mixture is diluted to about 30 ml with distilled water Two drops of indicator solution arc 
added and the solution is titrated with the 0 03 M E131A to a pure blue end point A 
‘ Syringe Microburct^'* calibrated to deliver 0 2 pi per scale division is used The solution 
is stirred contmuouslj during the titration with an electric stirrer fitted with a •small glass 
paddle 

The molantj of the EDTA solution is t ilculated b> the formula 


Molarity EDTA = 


0 OOJj 
ml EDTA 


A 5 ml buret calibrated to 0 02 ml may also be used, in which case the 0 05 M EDTA 
solution 18 diluted 1 50 (0 001 M) prior to atandardization The same formula is used to 
calculate the motunty of the EDTA 

Standardized EDTA should be stored in Pyrex or polyethylene bottles which have pro 
vioualy been rinsed with a hot alkaline 1 per cent EDTA solution followed by a thorough 
rinse with distilled water 


Detcrmtnnfion of Calcium tn Scrum—One milliliter of serum is pipetted into a 50 ml 
beaker, 4 ml of 2 M NaOH added, and tho mixture diluted to about 30 ml with distilled 
water Two drops of indicator solution are added, and the solution is titrated rapidly and 
deliberately to a blue end point with tho standard EDTA solution Since scrum mav 
impart varying degrees of a slight yellow component to the titration, tho end point may 
exhibit a slightly greenish tint This color can be quickly appreciated by adding a definite 
excess of EDTA to several trial titration*! Tho true end point is reached when addition of 
excess EDTA causes no further color cliaugc 

The concentration of calcium in serum is calculated from the following formula 


Ml EDTA X Molarity EDTA x 4,000 = mg calcium per 100 ml serum 


RESULTS 

Table I shows a comparison between seium calcium values obtained bv the 
proposed procedure and the method of Tisdall ® The latter procedure was used 
on this group of sera by the Clinical Biochemistry Tiiboratorv of the North Caro 
Ima Memorial Hospital, Chapel IIiU, N C 

Duplicate rather than average values are presented to illustrate the lepro 
ducibility in each method The average difference between duplicate titrations 
within each method itself is 0 23 mg calcium per 100 ml serum in the group 
of data shown and the average difference between the two methods is 0 25 mg 
calcium per 100 ml serum 

The results in Table II are mean values of duplicate deteiminations by the 
present method of five serum samples to which 10 0 mg calcium per 100 ml 
serum have been added The average recovery of added calcium is 10 0 mg 
per 100 ml of serum 

A senes of determinations carried out on 10 identical 10 ml samples of 
pooled serum yielded a mean value of 10 5 with a standard deviation of ±015 
mg calcium per 100 ml serum 

•Micro Metric Instrument Co Cleveland Ohio 
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Tabt.e I. Comparison of' Proposed Method M'ith the PitocEminE or Tisdaib, 


)_ 

CxVT.CIUM 

(MO. PEP, 100 MI.. SERU.M) 

SAMPLE NO. 1 

PROPORKI) Mr.TIlOI> 

1 METHOD OF TISDADLI 

1 

10.4, 10.1 

9.0, 10.0 

0 

6.0, 6.2 

6.2, 6.0 

3 

10.0, 9.7 

9.4. 9.8 

4 

12.3. 12.5 

12.2, 12.3 

5 

9.3, 9.4 

9.4, 9.4 

(5 

7.2, 7.1 

6.2, 6.5 

7 

9.5, 9.5 

9.4, 9.4 

8 

10.2, 9.8 

9.6, 10.0 

9 

9.9, 9.9 

10.0, 10.0 

10 

10.3, 10.1 

10.4, 10.3 

11 

9.3, 9.2 

9.0, 9.8 

12 

8.7, .8.6 

S.S, 8.0 

13 

7.2, 7 1 

G..!, 6.7 

14 

10.5, 10.3 

10.0, 10.3 

15 

9.9, 9.7 

9.9, 9.7 

10 

0.4, 5.9 

6.3, 6.4 

17 

7.4. 7.8 

8.0, S.l 

IS 

10.0, 10.3 

10.2, 9.9 

1(1 

8.9, 8.5 

0.1, 0.5 

20 

8.5, S.S 

8.2, 8.5 

21 

9.S, 9.7 

10.3, 10.1 

00 

10.8. 11.1 

10.7, 10.9 

23 

10.4, 10.1 

10.6, 10.3 

24 

9.2, 9.0 

9.8, 9.7 


Tabi.e II. Recovery oe Cai.cium Added to Serum 


RAMPr.E NO. 

CALCIUM (MO. PER 100 ML. SERUM) 

RKRI’M 1 

1 SERUM, WITH 10.0 .'IQ. 

i r.M.CIUM ADDED PER 100 MI.. 

1 CALCIUM RECOVEREn 

1 

9.4 

19.4 


2 

12.4 

22.H 

9.9 

3 

11.0 

21.1 


4 

7.2 

17.4 

10.2 

5 

8.9 

18.9 


Mean 



10.0 


■SUJIMAKY 

A direct til ration method for the rapid determinalion of calcinm in serum 
is presented. The results obtained by this metliod indicate a degree of aceuracy 
and reproducibility closely approximating that of the classic permanganate 
titration of precipitated calcium oxalate. The average time required for dupli¬ 
cate titrations is less than 5 minutes. 

tVe wish to tliaiih Dr. C. K. Spell for fuinishinK the serum sninplcs with their analysis 
by the permanganate metliod. 
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CLINICAL AND EXPERIMENTAL 


V COSIPAI^rSON OF SHOCK DUL TO LNDOTOXIN WITH 
ANAPHYLACTIC SHOCK 
JEax H Weil, M D , \\d Wfslfy W Spink, H D 

JDvNEVPOLTS JkllNN 

T he cellulai component ot giamnogatnc baeteiin, designated as endoto\in, 
IS a lipoprotein carbohydrate complo\ situated on oi neai the siuface of the 
bacterial cell' ^ This constituent is one of the featnies that distinguishes gram 
ncgatiic bncteiia fiom giam positnc oiganisms Theie is no evidence that m 
lasneness oi Miulence of the bacteiial cell is closely i elated to the surface 
endotoxin, but the dissemination in the bod> of endotoxin from gram negative 
bacteiia ha\ing attenuated Mrulcncc can piovoke a serious, and even fatal, 
illness Not infiequcntlj, bactciemia due to gram negatiie organisms has caused 
irieiei’siblc shock ^ ^ The inci easing clinical significance of shock due to endo 
toxin has led to extensive inquiry into the undeiljmg mechanisms invoUed ® 

In cooperation with the Depaitments of Ph^siologj and Surgery, the mechanism 
of this type of shock has been studied inteiisncU and the lesults ha\e been re 
poited ” 

Hiuing the piogrcss of the imcstigatious on the mechanism of shock induced 

in the dog by endotoxin, it became inerensmglj appaicnt that the tiqie of shock 

Produced hj a single intra>enous injection of endotoxin—designated as anaphj 

lactoid shock—was remarkably similar to the repoitcd sequence of findings, 

known as anaphylactic shock, in sensitized dogs gi\en a second injection of 

specific antigen These similarities were of considerable interest because of 

studies in this clinic on the lole of brucella endotoxin in the pathogenesis ot 

illness Experimental and clinical observations ha^e indicated quite clearly 

From the Department ot 'Meaiclne Dnlveralty ot Minnesota Hospital and Medical School 
Alfnneapolis Minn 
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Tahi.e 1. Comparison of Proposed Method With the Pr.ocEnt;uE of Tisdaij. 


sample no. 

CALCttJM 

(MCt. PER 100 ME. SERUM) 

PHOrOSEl* MKTIIOn 

1 METHOD OF TISDAEE3 

1 

10.4, 10.1 

9.6, 10.0 

2 

6.6, 0.2 

6.2, 6.0 

3 

10.0, 9.7 

9.4, 9.8 

4 

12.3, 12.5 

12.2, 12.3 

7y 

9.3, 9.4 

9.4, 9.4 

0 

7.2, 7.1 

6.2, 6.5 

7 

9.5, 9.5 

9.4, 9.4 

vS 

10.2, 9.8 

9.6. 10.0 

9 

9.9, 9.9 

10.0, 30.0 

10 

10.3, 10.1 

10.4, 10.3 

n 

9.3, 9.2 

9.0, 9.8 

12 

8.7, .8.6 

S.S, 8.0 

13 

7.2, 7.1 

6.5, 6.7 

14 

iO.o, 10..3 

10.0, 10.3 

15 

9.9, 9.7 

9.9, 9.7 

16 

(t.4, ii-0 

6.3, 6.4 

17 

7.4. 7.8 

S.O, 8.1 

18 

10.0, 10.3 

10.2, 9.9 

19 

S.9, S.5 

9.1, 9.5 

20 

8.5, S.S 

8.2, 8.5 

21 

9.S. 9.7 

30.3, 10.1 

oo 

lO.S, 11.1 

10.7, 10.9 

23 

10.4, 10.1 

lO.G, 10.3 

24 

9.2, 9.0 

9.8, 9.7 


Tadi.e II. Recovery of Cai.cium Adde!> to Serum 


CAEdUM (MC. PER 100 -ML. SERUM) 


1 

SAMPEE NO. 

SEUUJt 

SERUM, WITH 10.0 MO. 
(’AI.CIUM ADDED PER 100 MI- 

CAT.CIH.M RECOVERED 

1 

9.4 

19.4 


o 

12.4 

22.3 

9.9 


11.0 

21.1 

10.1 

4 

7.2 

17.4 

10.2 

o 

8.9 

1S.9 


Mean 



10.0 


SUMMARY 

A clil'cet titration method for the rapid determination of calcinm in serum 
is presented. The results obtained by this method indicate a degree of accuracy 
and reproducibility closely approximating that of the classic permanganate 
titration of precipitated calcium oxalate. The average time required for dupli¬ 
cate titrations is less than 5 minutes. 

We M'isK to ttvank Dr. C. H. Spell for fxirnisMng the scram samples v.UU their analysis 
by the permanganate method. 
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CLINICAL AND EXPERIMENTAL 


\ COMPAEISON OF SHOCK DUD TO ENDOTOXIN WITH 
ANAPHYLACTIC SHOCK 

H Weio, JID, v\d 1\esle\ W Spink, JID 
JIiNNEAPOUS JIlN\ 

T he eelhilai component of giamncgntne bactein, designated as endotoMn, 
IS a lipopiotem earbohjdiate complc\ situated on oi neai tlie sxuface of the 
bacterial cell ’ " This constituent is one of the featmes that distinguishes gram 
negatne bacteiia fiom giam positiic oiganisms Theie is no evidence that in 
tasueness oi Mrulence of the bacteiial cell is closely i elated to the suiface 
endotoxin, but the dissemination in the bodj of endotoxin fiom giamnegatne 
baoteiia having attenuated virulence can piovoke a soiious, and even fatal 
illness Not infrequentlj, bacteremia dne to giam negative organisms has caused 
ineveisible shock' ' The increasing clinical significance of shock due to endo 
toxin has led to extensive inquiiy into the undeiljang mechanisms involved'*” 
In cooperation with the Dcpaitments of Phjsiologv and Surgciv, the mechanism 
of this type of shock has been studied infcnsivch and the lesiilts have been re 
poited ** *® 

Diuing the progress of the investigations on the mechanism of shock induced 
in the dog bj endotoxin, it became incieasinglj apparent that the tj pe of shock 
pioduced bj a single intiavenous injection of endotoxin—designated as anaphj 
lactoid shock—nas lemaikably similat to tlie reported sequence of findings, 
known as anaphylactic shock, in sensitized dogs given a second mjection of 
specific antigen These similaiities were of considerable interest because "f 
studies in this clinic on the role of brucella endotoxin in the pathoflOieais 
'llPcss Experimental and clinical observations have indicated q|^ Ales 

VIl„„e,ota Hospital and ^ ' Sol. 
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that illness arises not only becanse of the nonspecific, intrinsic toxicity of the 
brucella endotoxin, but also because of the appearance of specific liypersensitivity 
of host tissue to the endotoxin.”'-- In some animal species, at least, the undesira¬ 
ble effects of an initial dose of endotoxin could be prevented by the administration 
of an adrenocortieoti’opic hormone or by adrenal corticosteroids, and the toxic 
manifestations of hypersensitivity to brucella endotoxin in the human being 
could also be subdiied by the steroids.--'''-' Patients having acute biamcllosis 
exhibit a remarkable sense of well-being shortly following steroid therapy. 

Certain similarities between the physiologic changes produced by endotoxin 
and by serum anaphylaxis wore recognized by Anderson and Roseiuiu-" as eai’ly 
as 1909, only 7 years after the original dc.scription of anaphylaxis by Fortier 
and Richet."'' Tliey predicted at that time that further .studies of anapliylaxis 
would offer an explanation for the poisonous nalui-c of endotoxin. However, the 
fundamental features of this relationship have received only .sporadic attention. 
Bronfenbrenner-' probed this relationship for many years and offered the 
provocative explanation that a fundamentally common chain of events is 
set off in anaphylactoid and anaphylactic activity. Nevertheless, the naUire of 
the initial injury which triggers this chain of events is not understood. The 
present status of the pertinent theories has been reviewed by Burdon.-' 
Since more information is needed to clarify any basic relationship that may exist 
between these reactions, we desire to compare our results of investigations on 
the response of the dog to endotoxin with the documented information on ana¬ 
phylaxis in the dog. 

METHODS 


Preparation and Activity of Endotoxin. —Endotoxins from different species of gram¬ 
negative microorganisms have similar physiologic effects. In the present c.xpcriinents, endo¬ 
toxins from BrnccUa vxcUtensis, Escherichia coli, Saimonctia typhosa, and scrrnfio mar- 
cescens were used.* tMion differences in physiologic potency of tiic various lots rvere adjusted, 
each of these endotoxins produced the characteristic effects in dogs which were indistinguish¬ 
able from one anotlier. 

In the initial experiments to be described, E. coli or Br. melitcnsis endotoxin of the 
Boivin tj-pe was employed.^ On the basis of exploratory experiments, a single injection 
of 5 mg. of E. coii endotoxin or 10 mg. of Br. melitcnsis endotoxin per kilogram body 
weight was used since these amounts regularly produced sliock when injected intravenously 
in tlie dog. 

Because of the largo and costly amounts of endotoxin tliat were needed to produce 
shock in the dog, the response to less purified preparations was subsequently explored. A prep¬ 
aration of dried bacterial bodies was finally selected, which was made from E. coli cells grown 
on synthetic protein-free media according to a modification of a technique described by 
Braude and associates.2» The organisms were harvested in a Sharpies centrifuge and washed 
with alcohol and acetone. The bacterial bodies were dried and then suspended in saline to 
give a concentration of 50 mg. per ml. A response which was indistinguishable from that 
produced by the highly purified endotoxins was regularly produced in the dog following the 
injection of 0.3 ml. per kilogram of this preparation. 

The possibility that the anaphylaxis-like reactions to endotoxin were the result of 
protein contaminants in the endotoxins, derived from the bacterial media, was excluded by 
the use of synthetic, protein-free media in the preparation of both purified and “crude” 
E. coli endotoxin. Moreover, the highly purified fractions from S. marcescens and S. typhosa 
were essentially protein-free. 


•Endotoxin from S. typhosa was 
Minnesota and from S. marcescens by 


supplied bv Dr. Dennis W^atson of the University 
Dr. M. J. Shear. National Cancer Institute. 


of 
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RESULTS 

Clinical Manifestations —The initial obsci\ations ^\cle made wtli piuified 
endotoMns fiom E coli ox Bi mchtensis, ■which weie injected intra\enously 
into healthy adult dogs^* Puppies %^eie avoided because shock -was not 

uniformly produced in the immature animal Shortly after the injection was 
completed, the dog had a forceful, well foimed bowel movement Two to tlucc 
minutes aftci injection, pruritus, hjperpnea, agitation, vomiting, and. diaiihea 
were manifested The animal began to shivei maikedlj and the blood piessurc 
fell progressively The dog became apathetic, resting quietly in a coiner but 
frequently he would wallv in ata\ic fashion foi shoit distances, dragging his 
hind legs as if paialvzed Ovci the first houi, gagging and tenesmus were 
piominent and this was subsequently followed bj piofusc bloodj vomitus and 
bloody diaiihea A giadual use in lectal tempciatuic from appioximatclj 39° 
to 42° C usuallv occuiicd during the fiist 3 hours Between 3 to 5 houis, the 
animal usuallj lapsed into coma, and death oecuried between 12 to 24 hours 
after the injection of endotoxin 

In then eailiest wutmgs, Portiei and Eichcr® noted practically identical 
clinical events in sensitized dogs aftei the second or piecipitating injection of 
antigen The prominence of gastiointestinal manifestations with bloodj vomitus 
and diarihea and the piofound cliangcs in circulation leading to shock vveic 
subsequently confiimed bj manj othci students of anaphylaxis A minoi point 
of diffeienco between anaphjlaxis and the leaction due to endotoxin is the 
elevation in bodj tcmpcratuic which usually follows endotoxin but not sei*um 
anaphylaxis 

Pathologic Morphology —Following death of the animal from endotoxm 
shock the most prominent moiphologic changes aie found in the gastiomtestinal 
sjstem Severe congestion of tlie liver, submucosal bleeding, and epithelial 
slough of the surface of large portions of the small intestine, and marked edema 
of the gall bladdei vvcic quite umfoimly picsent Necrosis of livci cells was 
noted in some animals which survived for longer tlian 12 houis 

Essentially the same moiphologic alteiations have been obseived in the 
gastrointestinal tiact of dogs following anaphylactic shockThe findings 
in both states are piobably to a large extent the result of sev eie engoigement and 
vascular stasis occurring m the portal venous system 

Hemodynamic Effects —^In further studies in dogs anesthcsized with pento 
barbital and given endotoxin, aiteiial and venous piessuics were measuicd'^ 
The aiterial pressure began to fall precipitously less than one minute after 
injection of the endotoxin was completed The poital vein piessuie increased 
up to 4 times within the first 5 minutes but returned to near its formei value 
after 10 to 20 minutes Tlieie was paitial iccovery of the arteiial pressuic 
during the first hour but subsequently the blood piessuie again fell to lowci 
values from which it did not ordinarily recover (Fig 1) The immediate fall 
in arterial pressure and the maiked use m portal vein pressure were tiaccd 
to the accumulation of laige amounts of blood in the liver and intestine Tins 
was piesumably caused by tiansient obstruction to venous outflow from the liver 
The removal of large amounts of blood fiom active circulation because of this 
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pooling in the portal system resulteil in a critical rcclnclion of the cpiantity of 
blood returned 1o the heart. A marked fall in cardiac output occurred and this 
was subsequently shown to bo the cause of the initial fall in blood pressure. 

■\Ylien tlie liver was e.xcluded from the eircuiation by hcpatectomy, by 
evisceration with ligation of the portal vein and hcqiatic artery, or by portal- 
cava anastomosis with hepatic artery ligation, no immediate fall in blood pre.s- 
surc followed the in,iection of endotoxin.’® Tliese e.xperimcnts clearly demon¬ 
strated that the pi'escnee of the liver is e.ssentinl for thi.s initial collapse in 
blood pressure. 


TYPHOID ENDOTOXIN 



ESS 


HHH 






50 60 2 3.5 

HOURS 


Fifr. 1.—Arterial and portal vein pressure curves follONVinfX administration of .5. ttjphosa 
endotoxin to the cIor:. The piessures weic determined with strain paupe manometer systems 
with appropriate danipinp and a polyviso recorder. 


In anaphylactic shock a vciw similar fall in arterial pre.ssure and elevation 
in portal vein pressure occurs withiu the first minute following injection of the 
antigen to wliich the animal has been sensitized.®This fall in artei’ial pres¬ 
sure has likevdse been traced to pooling in the portal system and inadequate 
cardiac filling.®®'®’ Mauwariug®® clcaidy demonstrated that exclusion of the 
liver from the circulation prevented anaphylaxis, and the parallel situation with 
endotoxin further emifiiasizcs the fundamental similarity in hcmodjmamic 
effects in the two reactions. 

Relationship of Shocli to Quantitative Changes in Blood Cells, Platelets, 
and Blood Sugar. —The injection of endotoxin was followed liy a rapid and pro¬ 
found fall in the number of white blood cells. A progressive reduction in the 
percentage of neutrophils with a relative increase in hnnphoeytes occurred during 
the first 90 minutes hut the maximal fall in total leukocytes had already oc¬ 
curred during the first 15 minutes (Table I). A eorrespondiug and also very 
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milked decline in tlic nuiiibei of platelets took place dining the first 5 to 15 
minutes (Table II) Theie uas a close lelationsliip between the abrupt 
fall m total lcukoc\^es, the decicasc in platelets, the diop in aiteinl piessure, 
and the tnnsiont delation of the poital leiii picssiuc (Fig 2) As the leuko 
eyte and platelet counts giadualh incieascd dining the 3 houis that followed, 
a laige number of immatuic icd blood cells appealed in the peiiplienl eircnla 
tion (Table II) 


Iable I QLVNTiriTirE Cuanofs 2^ Tot\l Leokocites, Neutropjiiis, am> LrupnociTEs 
AT lAPious Pmons V tef Tnjfction of E coli of Bp melitensis Endotonis into Dors 
Anestuetiffd With PEsTOBiPBirit,* 


1 

1 CONTTOL 1 

TIVtE IN 

AFTEP INJECTION 

MINUTES 
. OF FVDOTOXIN 

1 befope I 
1 ANESTKE«llA I 

1 VFTFP 1 

1 AKESTHFSIA ^ 

1 5 

1 15 

1 30 1 

45 

1 90 

1 ISO 

Total leukocytes 

15 ISO 

14,188 

I,52o 

I no 

1925 

2,420 

2 520 

4,900 

cell'>/mm s 

(5) 

(■«) 

(2) 

(5) 

w 

(5) 

(3) 

(3) 

Neutrophils 

80 0 

SOI 

70 3 

02 4 

66 1 

62 2 

52 2 

731 

per cent 

(51 

(in 

(21 

(5) 

(4) 

(5) 

(5) 

(31 

Lymphocytes 

18 1 

171 

281 

35 

30 3 

351 

43 4 

oi t> 

per cent 

(5) 

w 

(2) 

(5) 

(4) 

(5) 

(5) 

(3) 


•Bloofl samples were oUtaipea from the femoral vein at the Indicated times and the 
counts -were done In dupllciie The mean values and the number of does (Indicated by 
parentheses) on uhlcli each value is based arc shown 




^o^es^^es>o 


£ 65200 

s 

if 0 

^aooeoo 
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T me ft m ftu!<»s 


Fig 2—^Representative hematologic changes and the related arterial and j ortal vein pressure 
responses before and following Injection of crude E coU endotoxin in the dog 


There vas surprisingly little change iti the tenons hemaloeiit during the 
initial 30 itimiites This nas in haimont ■nitli oiii eniliei obscii ition that 
pooling o£ blood m distended icms and not leal age of plasma accounted for 
the initial liemoch namio disUnlnnce pioducod h\ endotoxin “ A slight elet ation 
in the concentiation of blood glucose diuing the liist 15 iniinites iins folloiied 
bj a steep fall dnimg the ensuing 3 hotus (Table II and Fig 3) 

The effects of endotoxin on blood cells platelets, and blood sng ii har c been 
Melt deseiihcd bj othei inrcstigators“ “ The puiposc of including these inines 
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in tiic present series of experiments was to determine the time relationship 
between those changes and the sudden fall in blood pressure. It will be noted 
that leukopenia and thromhoe.vtopenia arc closely associated with the sudden 
appearance of shock. 

The close similarity betu-een these hematologic changes and those that 
follow anaphylactic shock in the dog arc noteworthy. Biedl and Kraus"‘ first 
described leukopenia in anapliylactic shock and Web1)'= noted that the abmpt 
fall in leukocytes occurred within 2 minutes following injection of the shocking 



Pjg-. 3 .—Chanecs In the hcinaiocrit, concentration ot blood fflucose and rectal temperature, and 
tlielr relationship to the fall In arterial prcs.stirc produced by crude E. coH endotoxin. 

Table II. Quaktitative Ciiakoes ik the Platelet Count, ICumber op Nucleatep Ked 
Blood Cells, IIexiatockit, and -Blood Glucose Concentration at Various Periods After 
Injection op E. coli or Br. melitensis Endotoxin into Bogs Anesthetized With 

Pentobarbital* 



1 control ! 




AFTER 



OF EKBOTOXIN* 


before 

[ AFTER 

TIME 

I?? MIKUTE5 

INJECTION 


AKESTHESIA 

1 ANESTUKSTA 

5 1 

15 

1 30 1 

45 1 

90 j 

1 120 

1 ISO ( 210 

PlateJet 










Count 

217,000 

242,800 

55,300 

40,500 62,200 86,700 96,100 75,000 96,250 177,000 

No./mni.3 

(5) 

(6) 

(5) 

(C) 

(5) 

(5) 

(4) 

(2) 

(2) (1) 

Nucleated 










red blood 
cells 

0 

0 

1 

S 

14 

35.4 

53.0 


30 

No./lOO 










leuko¬ 

cytes 

(5) 

W 

(2) 

(5) 

(4) 

(5) 

(5) 


(3) 

Hematocrit 
Vol. per 

51.4 

46.8 

53.1 

50.9 

50 

51.7 

53.6 

(5) 


55.3 

(3) 

cent 

(5) 

(4) 

(2) 

(5) 

(4) 

(5) 


Blood 







76.4 


48.1 

Glucose 

69.4 

81.1 

80 

90 

81 

80.2 


5Ig. per 
cent 

(5) 

(5) 

(1) 

(5) 

(4) 

(5) 

(5) 


(3) 


•Blood samples were obtained from the femoral vein and determinations were done in 
duplicate. The mean values and the number of dogs (indicated by parentheses) on whicii 
each value Is based are shown. 
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dose of antigen IToA^c^e^, leeo^oix of the leuKoc^'te count and the de^elop 
nient of lenkocj-toais appaienth pioeced someA\hat moie lapidlj aftci anaphj 
la\is than aftei cndoto\m ” The lapid development of thiomhocvtopenia 
aftei endotoxin is also a constant finding in anaphv lactic shock ** 

Blood Coagulation —The coagiilabilitv of blood was mensuied befoie and 
at inteivals aftei the injection of endotoxin using a modification of the Lee AMiitc 
method No significant change m the eoigiilation time was detected (Table 
III) Frankc^® had also noted no consistent change in clotting time m dogs 
aftei the injection of Inige doses of endotoxin denied fioin S marccsccns 

Table III Covculation Times CModified LeeIThitf Method) \.t ^ArIODS Pffiods 
Aftet Injection op Emkitoxin Into Hors 





1 

COVCULATION 

time in 

MINUTES 




BER 



1 CONTTOL 1 

TIME (MIX ) 

AFTER INJECTION 

VND 

WT 


I BEFORE 

aftef I 



OP ENDOTOXIN 



SEX 

(KG) 

EVDOTOXIX 

1 VVESTIIESIV 

AN'ESTIIESIV I 

5 

1 15 

1 30 

1 45 1 

1 60 

1 90 

1 ISO 

1 M 

25 4 

/ COIi 

00 

85 


SO 

90 


6 0 


75 



(crude) 










2 M 

15 0 

r colt 

C5 

33 0 


300 

32 5 

10 5 


85 

90 



(crude) 










3 M 

23 0 

Br meltfcn'^i'f 

90 

85 


15 5 

14 0 

10 5 


15 5 

11 0 



(purified) 










4 F 

12 0 

E coh 

70 


85 

85 

C5 

SO 


95 




(purified) 










5 M 

23 5 

E coU 

CO 

6 5 


60 

6 5 

95 


SO 

60 



(crude) 











Mean 

74 

91 

85 

90 

97 

13 0 

60 

10 4 

84 




(S) 

(•1) 

Ill 

(5) 

(5) 

(4) 

(1) 

(4) 

(4) 


The prolongation of coagulation time due to hbeiation of heparm is a 
consistent and well iccognizcd featuic of amplnlactic shock®* The lack 
of evidence that hepaiin is liberated following endotoxin may constitute a sig 
nificant diftcrence between anaplnlactic sliock and the shock produced bj 
endotoxin 

Role of the Central Nerious System —The chaiactoiistic heniodvnamic 
and pathologic changes that follow the injection of endotoxin weic not pi evented 
in dogs aftei ceiwcal choidotoiuN, with and without Nagotorav A piompt 
fall in blood piessiue and elevation of the poital vein piessiue also occiined in 
decapitated animals Using a modification of the cioss ciicnlation method of 
Pennei and Ivlem,® which has been presumed tosepaiate the cephalic and bodv 
ciicnlation, shock and the classic moiphologic changes could not be lelatcd to 
piimaiv netivitv of endotoxin in the cephalic ciicnlation Tliese expeiiments 
did not suppoit the widelv accepted thesis that sliock icsults piimaiih’- fiom 
the dnoct effect of endotoxin on the biam ® 

Tlie earliest woikci's studving anapli-vlactic shock also postulated that shock 
was due to piofound chemical oftocts on the cential ncivous svstem '\^^len 
111 1909, Andei’son and Roseiiau*'* compaicd the manifestations of anaphvlaxis 
and endotoxin thev pioposed that both wcie the icsult of oveiwhelming toxic 
cllects on the cential iieivoiis svstem In lefuttation of these aiguments, Pearce 
and Eisenbiev^® demonstiatcd tliat dccapit.ation and mechanical destruction of 
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the spinal cord of the dofc did not protect against anaphylactic shock. Anesthe¬ 
sia and sedation may mask the systemic .s.vmptoms of anaphylactic .shock hut the 
essential characteristics of the reaction are not modified.*^ Onr ohservations 
in unanesthetized animals and in dogs following pentobai'hital anesthesia also 
demonstrated tliat vomiting, diarrhea, and minor clinical signs were prevented, 
but the profound hemodjmainie and morphologic alterations were unchanged 
by anesthesia. The information at liand indicates that the initial reactions 
produced by anaphylaxis or by endotoxin in the dog arc not pi'imarily the result 
of a direct action on the central nervous system.”’ ” 

nistaminc Liheration.’^—Present knowledge of the role played by histamine 
in anaphylactic shock is incomplete. However, following the studies of Dragstedt 
and his group,'’”''’' liberation of histamine was I’coognized as a constant feature 
of anaphylactic shock in the dog. It was, therefore, of considerable interest to 
determine whether histamine is also released following the in.ioction of endotoxin 
in dogs, 

Method of Asioy. —IVio-assay for liislamino was perronned witli a imiscle cliamber using 
guinea pig ihniia.f'S A fru.slilv removed .segment of intestine, approximately 3 cm. in length, 
was suspended in a o ml. chumlicr filled witli Biuger-Tyrodc solution, O.xygcn wns con¬ 
tinuously bubbled into tlio eimmiier and the system was maintained in a 37° C. water bath. 
Tlie lower end of the gut uas secured by me.ans of n book to the bottom of the chamber 
and the upper end was fastened to the free end of a cantilever beam. The initial tension 
was adju.stetl to between 0.5 to 1.0 Gm. and .subsequent ehnnges in length of the gut wore 
detected by means of a pair of strain gauges cemented to the beam. Recording of the 
deflection was made on a Sanborn recording sy.stem. 

With alternate injections of standard quantities of liistamine and 0.3 ml. of heparinized 
plasma, it was possible to determine the quantity of “hi.stamine like” .substance in plasma. 
The chamber was wasliod two times with prewarmed Ringer-Tyrode solution between each 
determination. 


Table IV. Histamise-mke .Substa.xce IIetecteii ix Pi.a.s.ma Outaineo Fkom the SuraA- 

llIAl’lIUACillATIC l.NFElilOli VE.NA CaVA AT I.XTEI!VALS AKTER THE IXJECTIOX OF EXHOTOXIX 


IB 



---- — - 

' cox- 1 

1 

XtiCKOGUAMS FEK ML. 

I’LASStA 

( MINUTES) 


KO. 1 

Ukg.)| 

SEX 

ENDOTOXIN 

j TROL 1 

1 1 

1 2 1 3 

1 ■i 

1 5 1 

10 1 

15 

1 20 

1 30 1 

60 

1 

10.2 

M 

Br. mclitensis 

0 

0.22 

0.13 0.04 

0 

0 

0 

0 




2 

23.0 

U 

(purified) 

E. coli 
(colls) 

E. coli 
(calls) 

E. coU 

0 

0.13 

0.04 0 

0 

0 

0 

0 




3 

9.8 

U 

0 

0.03 

0.09 0.03 

0 

0 

0 

0 

0 



4 

17.S 

P 

0 

0.G4 

0.39 0.36 

0,13 

0.08 

0 

0 


0 

0 




(cells) 










-- 


In initial trials, samples of licparinizcd plasma from the femoral vein of dogs were 
anab’zed before and at intervals after injection of endotoxin. No increa.'o of “histnininc- 
like” substance could be detected in thc.se samples from the dog in a state of .shock. When 
samples wore collected through a cardiac catheter, which had been carefully advanced into 
the supordiaphragmatic inferior vena cava to a site near the inflow of the hepatic veins, 
“ histamine-like ” substance was readily detected. The maximum response occurred within 
ono to two minutes after injection of endotoxin and coincided with the period of precipitate 
fall in the arterial pressure. Between the third and fifth minute, the material had again dis¬ 
appeared from the plasma (Table IV and Fig. 4). 

•We are Indebted to Mr. R. J. Stisli of the Department of Physiology who collaborated 
in these studies. 
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A sharp rise and rapid fall of Wood histamine r\as also noted hr Code'" 
in his studies of anaphrlaxis in the do" The csplosnc liheiation of histamine 
lias liKeiiisc sliorni to he closch lelatcd to the onset of liiTiotension, elcration of 
the poital rein piessuic, and pooling in the risceia The picsent findings rcreal 
a significant point of similiiitr betiioen anaphrlnctic shock and the icaction to 
endotoxin • 

Effect of Ad) enocoi heal IIoimones —The tin laiiriitie ralur oi adiciioeoitieal 
hormones in alleigic diseases is iiell lecognired, hut icpoits on the cficctiieness 
of ACTH and cortisone in picicnting anaphihctie shock in animals aie con 
tiadietoij =- = Hoxicsci, it Mould appeal that at Icist partial piotcetioii can 
be demoiistiatcd if the iiitcnsilj of the anaphjlactic icaction is suitably eon 
trolled “ AVe hare obseiied that these hoimones cleaih protect against the 
lethal effects of endotoxin m the mouse, lat, and labbit -* Eheit and asso 
crates'” could not pieicnt shock in the dog uith meningococcus toxin bi pie 
treating animals iiitli cortisone In xieu of the important theoretical and thcra 
politic implications denied fiom a knoulcdge of the effects of coiticostcioids 
on shock pioduccd hi endotoxin, tins piohlcin was lo oxploicd 



Fif 4—Relationship of the amount of histamine like substance In inferior \ena ca\a blood 
of the doff to the arterial pressure follonlnff injection of crude L coh endotoxin 


ilcUtod of iStudi/—One of a pair of dogs •v\as> praTcated with large doses of hydro 
cortisone hemisucciuatef or prednisolone 21 hemisuccinatct winch were injo ttd intravenously 
5 to 60 minutes before the endotoxio Obscrtations on the treated and an untreated control 
dog were made siiuult ineously and the experimental animals were so chosen that weight, 


•Recent in\estieations indicate that serotonin as well as histamine is liberated into 
the blood durinff anaphylaxis in the rabbit (see T P aalkes H a\el«sbach J Rozice%lch 
and S Undeniriend J CUn Imest ao \\\h 

tSupplied through the courtesy of Dr C J ODonoyan The Upjohn Company Kalamar 

Mich 



12 I’AIUS 01 




\olumeSO ENDOTOMN SHOCK COMPARED WITH ANAPHYLACTIC SHOCK 511 
Number 4 ^ 

«c\, 'xiid nge of tlio treated and control dog were close!} matched Tv\ehc treated and 12 
simultaneous control animals were studied In some experiments, supplcm it ly doses of 
li\drocortisone lionusuccinate or <orti*-one neitate were gnen b} the intruinnst.iii'vr route 
’^hortl} before and at intcr\al3 after the administration of endotoxin (Table 1 } The same 
lot of “crude” / coll endotoxin in a do««c of 0 2 to 0 3 ml per kilogram was used for all 
experiments Sc\cn pairs of dogs were ancstlietired nitli pentobarbit il and femoral artery 
pre'5sure was recorded for 3 hours after injection of the endotoxin In the remaining 5 
oxpeiimeiits tlie animals were not anesthetized so that an} clinical differences could be 
obsened Rectal tomjicratures were studied in 2 pairs 

Chaiactciistic licmodjnamic and clinical icspoiiscs iveie not clcaily alteicd 
b} pieticatmcnt \utli the coiticostcxoids Thiec of the ticatcd animals but only 
one contiol animal suiMtcd (Table V) The atciage sui\i\al of the 11 contiol 
animals was only 7o horns These data suggest that coiticosteioids pio\ided 
piotectiou undei tlic eiicumstancos ol these c\pciimcnls Imt the diffciences arc 
not decisive Fiuthci studies with paxticulu attention to the dose of endotoMn 
maj lead to a clcaici dchnition of the possible piotectiou affoided by these agents 
m tliG dog 

DISCUSSION 

The icm<iiKnblc similaiity of anaphjlactic shoch and sliock that follows the 
injection of endotoMii suggests that a common pathway is nnohea m both ic 
actions A single injection of peptone, tijpsm, hjdatid cjst fluid, snake \enom, 
the extinct of Asc«u^ Umhncoides, poljwimlp^iiolidino (PVP), aeneia, and 
fat emulsions also pioducc icactions which, though not identical, simulate ana 
phjlaxis®’ Se\ent^ one difTeient substances, including oiganic colloids 

such as staich, ghcogeii, and pancicatin, ha\e pioduccd the anaplnlactic tipc 
of icaction, and also included aic several inoiganic chemicals such as aisenous 
sulfide and colloidal iron ''® 

“Anaphylactoid shock“ has been a desciiptnc teim that is widely used 
in indicating the close lesemblancc of the icaction to anaphxlactic shock, al 
thoiigli the basic mechanism in^ohed in the anapliy lactoid leaction is not cleaily 
undeistood Recent ln^estigation has suggested that these leactions may be 
closely related to the moleculai size of paitides injected This would, in pait, 
explain the dnoisity of chemicalh uni elated substances tliat pioduce tins le 
action Peptones, caibolndiate polymcis, fat emulsions, and colloidal solutions 
of ccitain inorganic mateiials aic each composed of maciomoleciiles of inter 
mediate size Puiified endotoxins are also made up of maciomoleciiles in the 
100,000 to 1,000,000 iange"= 

The fundamental question of how maciomoleciiles “tngger” anaphylaxis 
and anaphjlactoid reactions in the dog still icmains unexplained The con 
elusion that the reactions are \ciy closch lelated to changes in the Inei and 
that thei do not oceui in the absence of the liiei is well documented Thomas 
and Essex®® ha\c dcmonstiated that occluMse spasm of the intiahepatic aas 
culatiue accompanies anapln lactic and anapha lactoid shock and this conclusion 
IS supported studies fiom this laboratoiy '** Spasm of small hepatic 

lems explains the elcsation of poital aenous pi^snic, screic engoigement of the 
Inei and intestine and maikcd edema of the gall bladdei Sliock losults fiom 
the pooling of blood behind the small tnbutaii^ of hepatic acms with lesulting 
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loss of large quantities of blood from the active circulation. This effect is most 
important in producing tlie profound hypotension that so rapidl}’ follovs injec¬ 
tion of tlie shocking agent. The role of histamine in this sequence of events has 
been much debated but i)rescn( evidence suggests that anaphylaxis and anaphy¬ 
lactoid shock are not the result of its action."*’ 

In contrasting anaphylactic shock and the reaction to endotoxin in the dog, 
failure to obtain significant prolongation of the coagulation time with endotoxin 
has already been cited as an important point of difference. In addition, certain 
delayed effects of endotoxin may not be directly related to its anaphjdactoid 
actiA’ity. One such delayed effect has been noted after hcpatectomJ^ Whereas 
the initial response of .shock following injection of endotoxin is prevented by 
preliminary hepatcctomy, the lethal effect is augmented.^® This is in contrast 
to the absence of any injurious effect when attempts are made to provoke ana¬ 
phylaxis in a sensitized dog aftei’ the liver has been removed. Braude and asso- 
ciates““ have .shown that circulating endotoxin is, in fact, removed by the liver 
.so that the absence of the livci- may cause intensification of a delayed toxic 
effect which is apparently not related to its anaphylactoid activity. Studies 
arc now in progress to define the nature and importance of this delayed effect 
more fully. These differences, however, do not minijnize the essential similarity 
of the reactions produced by endotoxin, anaphylaxis, and anap))ylactoid .shock. 

The occurrence of sudden shock in human patients with bacteremia caused 
by gram-negative microorganisms is probably related to the liberation of endo¬ 
toxin from the baetoi'ia. Tlio clinical manifestations in severe cases may resemble 
anaphylaxis -with sudden prostration, profound hypotonsio 2 i, bloodj' vomiting 
and bloody diarrhea, and a rapidly fatal coui’se.*’ ® Severe congestioji of the 
lis'er, necro.sis of liver cells, and submucosal liemoi’rhage, not Tinlike that ob¬ 
served in the experimental animals, ai’o eommonly found at autopsj^'^'’ 

These studies admittedly leave the fundamental questions concerning patho¬ 
genesis unanswered. However, the concept that bacteremic shock is an anaphy¬ 
lactoid response permits a larger body of experimental and clinical Icnowledge 
to bear on this problem. Indeed, studies to date emphasize the need for further 
knOAvledge of the nature of the “trigger” wliieh initiates the sequence of 
events in anaphylaxis or anaphylactoid shock. 

SUMMARY AND CONCLU.SION.S 

Wien endotoxins from gram-negative mieroorganisms were injected intra- 
venousljf into dogs, the animals became sevei-ely ill. The following series of 
events was observed: a precipitous fall in blood pressure, marked hj^perpnea, 
excitement and gagging, apathy, and later coma. Massive evacuation of the 
bowels and vomiting occurred soon after the injection and this frequently led 
to profuse bloody vomitus and tenesmus with bloody diai'rhea. Death followed 
within 3 to 18 hours and autopsy showed severe liver congestion, submucosal 
intestinal bleeding, and gall bladder edema. 

The onset of shock was accompanied by a rise in portal vein pressure and 
the cause of shock was traced to massive pooling of blood in the portal system 
resulting in a greatly diminished venous return. An immediate marked fall in 
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leiikocytcs and platelets also followed the injection of endotoxin The blood 
siigai was slightlj clc\ated but subsequent!} fell to low levels aftei the second 
horn Choidotom}, ^agotom^, and decapitation did not altci tlie essential hemo 
d}Tiamic 1 espouse and this indicated tliat shock was not piimaiil} due to in¬ 
toxication of the cential nci\ous sjstcm Histamine like substance appealed 
in the blood oi tlie infeiioi ^ena ca\a immcdiateh altei shock was piodueed 
Preticatmcnt with adicnocoitical hoimonos pio\uled onh questionable protcc 
tion against the leaction These studies demonstiatcd that shock pioducid bj a 
single injection ot endotoxin was, in each of these lespocts, simulated to those 
documented in the case oi aiiaphj lactic shock in the dog 

Two impoitant points of diffeicnce wcic noted between shock caused bj 
endotoxin and that duo to anaplnlaxis No change in blood coagulabilit\ oc 
ciurcd aftci endotoxin, and this was in contiast to the libciation of hcpaim and 
piolongation of clotting time which chaiactciisticalU oeciiis during anaphj 
laxis Moico\ci, endotoxins appeal to ha\c an additional dcla}ed toxic effect 
that leads to lapid death aftoi hcpatoctom\ 

The icaction to endotoxin is thought to be anotbei example of the anaph}- 
lactoid tjqio of leaction Its close iclationship to shock piodueed b} a dneisit} 
of uni elated agents, including peptones, caibolijdiatc poljTiieis, paiasitic cx 
tiacts, and snake icnoms and the shock m patients with bactciemia which pio 
ducc a similai losponsc, lia\e been discussed 
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TRANSMISSION OP THE EXPERIMENTAL COMiMON COLD 

IN VOLUNTEERS 

II. The Effect op Certain Host Factors Upon Susceptibility 

Harry P. Dowling, 3I.D., George 6. Jackson, M.D., and Tohru Inouy’e, M.S. 

Chicago, III. 

T he reasons why some persons have more colds than others are not known. 

The age of the suliject^’’* and the frequency and intimacy of exposure to 
persons with a common cold® liave been shown to be important factors. Women 
acquire "natural” colds more frequently than men^’ and more frequently 
develop the common cold after experimental inoculation.® Other unknown 
factors appear to influence the development of the common cold, however, 
since certain persons remain more susceptible to colds from year to year=> 
and some persons are more susceptible to repeated challenges with infectious 
secretions than others.® 

In the course of observations of the development of the eommon cold in 
adult volunteers following nasal instillation of infectious secretions, we at¬ 
tempted to study any additional factors which might be related to suscepti¬ 
bility to the common cold. We are presenting herewith our findings with re¬ 
gard to allergy, the presence or absence of tonsils and adenoids, the smoking 
of tobacco, and menstruation. Observations on the effect of chilling, as such, 
upon the development of the experimental^ ti'ansmitted common cold are 
being I’eported separately.^^ 

jiaterials and jiethods 

Secretions obtained from patients with typical common colds were filtered through 
an idtrafino sintered gla.ss filter. After bacteria were shown to be absent by culture and 
there was no demonstrable effect upon embryonated eggs, suckling mice, adult mice, or 
on HeLa cells in tissue culture, the secretions were diluted 1:10 and stored in a o per cent 
solution of hemoglobin, obtained from group O cells buffered to a pH of 7.4 at -70° C. 
Immediately preceding instillation the solution was again diluted 1:10 with 0.15 M phos¬ 
phate buffered saline solution, pH 7.4. The control for these secretions was a solution of 
hemoglobin obtained from group O cells, buffered in the same way. Inoculations were 
made by instilling 0.2 ml. of the solution into each nostril. 

Aster these laboratory studies were performed on oacli secretion, it was instilled 
into the nares of G to 10 human volunteers to determine whether it would cause symptoms 
of the common cold. All volunteers were healthy men or women between the ages of 18 
and .".I year.s. 

From the University of Illinois Research and Educational Ho.spitats and the Department 
of Hodicine, University of Ilimois, Chicago, III 
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Special rooms or chambers Tvcrc u«»ed to control the temperature and hunuclitj of 
the enMTonmcnt Men remained for 2 to 4 hours in the specified enwronmcnt, dre«i«ed 
in shorts and socks, women in shorts, «>Ocks, and Iinlters or brassieres A chilling tern 
perature of CO* F with an 80 per cent relatne humiditi for 4 hours and a comfortable 
temperature of SO® F with a 30 per cent relative humiditj nere selected for the expen 
ments The infectious ‘secretions or control solutions were m^ti’led intrana®alh imme 
dintcli prior to chilling or at the cud of the period of chiHing 

For experiments ftt loner temperatures (10* F and SO per cent relative Immiditi 
for 2 hours) the subjects were dressed in street clothes p’us oxcrcoat, hat, and gloxes kt 
the end of the period in the special temperature rooms, the intranasal instillations nerc 
made and the subjects iicre dismissed Tliei reported for examinations on the second, 
third, fourth, and •'ixth dais after tho experiment Initial examinations of the nose and 
throat nerc made and a liistorj of respirator} symptoms i\as obtain* d at the beginning 
and end of each experiment and on each of the subsequent visits These examinations, 
and the subsequent decision as to vihclher or not a cold was lire ent, \seri mado b} mem 
bers of the research team who were unaware of the experimental group into which the 
patient Iiad been placed 

The criteria for ulcntif}ing the development of a cold m a volunteer and the reasons 
for their adoption will be given in detail m another publication i* In brief, m order to 
be cl issified as having developed a cold in eonntction with an experiment, the subject 
had to meet 2 of the following 3 criteria 

1 A score of 14 or more points in C da}s (over tlic ba«clinc p}mptoTn9 t iken on 
the day of the experiment) based on the following sjmptoms recorded dail} headache, 
sneezing, chilliness, nasal discharge, n i«al obstruction, «oro throat, coughing, and malaise 

2 The impression of the subject that a cold had developed following challenge 

3 An increase in nasal discharge on 3 of the C da}s after challenge (or severe nasal 
discharge on 2 da}s) 

RESULTS 

Ux&touj of Allergy — lit Table I is shown the frequciw with which colds 
developed in allergic and nonallergic persons A liistorj of alleigj was given 
by 143 of the subjects who weie challenged with one of 5 infectious secietions 
obtained fiom patients with the common cold Colds developed in C4 or 45 
pei cent of these subjects These lesults aic to be compared with 218 (31 per 
cent) colds that developed in G93 poisons who also icceived one of the same 5 
infections secretions but gave no history of alleigr 

Among subjects who gave a histoij of allergic sjmptoms following the 
inhalation of certain substances, colds developed moic fiequently (48 pei 
cent) than among subjects whose alleigie symptoms followed the injection or 
ingestion of particulai substances (40 pei cent) The statistical possibilitj 
that the diffeiences between these 2 groups and the nonallcigic gioup occuried 
bw chance was less than 1 in 100 

The diffeiences among the male and the female subjects showed the same 
tiend as in the entire gioup However, the numbei of obscivations in the 
female gioups were insufficient to give statistical significance to the differences 
observcd 

Lmes 1 to 4 in Talde I repiesent subjects who icceived no infectious score 
tions and whose uppci respiratoij infections, therefoie, lepresented spon 
tancous “colds “ Spontaneous infections were moie fiequent in subjects wnth 
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inhalant allcigy (15 pei cent) than m those with alleigj to injected oi in 
gested substances (13 pei cent) uhich in tiun v\cie moie frequent than in 
subjects ■w'lth no histoiy of allergj (10 pci cent) These differences, houevei, 
u ere not statistical!} significant 

PicscncG 01 Absence of Tonsils and Ulenoids —Subiects vveie questioned as 
to "whether then tonsils and adenoids had e\ci been icmoved Tlie answeis were 
\erified bj an examination of the nose and thioat The diffcience in the num 
bei of colds that developed in the 2 gioups was negligible (Table II) 

Among the subjects "who lecencd infectious sccietions and whose tonsils 
had previously been removed, 122 of 3G3 (34 pei cent) developed colds, 
wheicas 147 of 4G4 (32 pei cent) of subiects who gave no hi&toij of tonsillec 
tom} developed colds Among the subjects who did not leceive infectious 
secretions and whose tonsils had pieviousl} been removed, 13 of 147, or 9 pci 
cent had sjmptoms of a cold, as compared with 22 of 162, or 14 pei cent, of 
subjects who still retained then tonsils The diffeienccs between tonsillec 
tomized and nontonsillectonuzed subjects vveie not statistically significant m 
either the infected or the noiiinfcctcd gioup 

Tobacco Smoking —Infoimation icgaidmg smoking habits was available in 
328 subjects who leceived infectious secretions and in 111 subjects who le 
ceived control solutions intianasall} The subjects stated wliethei oi not the} 
were smokeis at the time of the expciiment, but in piacticall} ever} instance 
those who weic not smoking at the time of the experiment had nevei smoked 
at any time All wcic cigaietlc smokers, although some occasionally smoked 
a pipe also Theie was no significant diffeicnce m the frequenc} of experi 
mental colds in the two gioups (Table II) 

Among the subjects who icceived infectious secietions, 35 pei cent of the 
smiikers and 34 per cent of the nonsmokeis developed colds Among those 
who received contiol solutions, 14 per cent of the smokeis and 10 pei cent of 
the nonsmokeis had symptoms of a cold The differences between the smokers 
and nonsmokers weie not statistically significant m eithei group 

2 line in Menstrual Cycle When Exiienmcnt IFfls Performed —Information 
with regard to menstination is available on 54 female subjects who vveie 
chilled duiing an expeiiment and 232 who were not subjected to chilling 
Each subject was asked the date of the onset of hei last menstrual peiiod 
Susceptibility appealed greater during tlic inteimenstinal period and perhaps 
related to ovulation Accordingl}, the data were tabulated upon the assump 
tioii that ovulation occuired at the mid point of the menstiual cvcle, which 
was assumed to be fouiteen davs fiom the beginning of the menstrual period 
that immediately piecedcd the expeiiment In Pigs 1 and 2, and Table III, the 
frequency with which colds developed in these subjects is shown in relation 
to the time befoie oi aftei the mid point of the menstiual cvcle at which the 
experiment was peifoiraed (i e, the infectious challenge oi contiol solution 
was given) 
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Among the subjects who were not chilled, and who were challenged in 
the interval between the onset of the menstrual period and the fifth day before 
the mid-point of the menstrual cycle (that is, in the menstrual and immedi¬ 
ately postmenstrual phase of the cycle) 23 per cent developed colds. When 
the challenge was given during the mid-portion, or the ovulatory phase, of the 
meiistrual cycle, 37 per cent of the subjects developed colds. An infectious 
challenge given during the last or premenstrual part of the cycle caused the 
highest percentage of colds (41 per cent). These differences were not con¬ 
sidered significant, except possibly in one instance. The probability that the 
difference between Lines 5 and 7 occurred by chance was less than 1 in 25. 
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Fig. 1.—NumLer of experimental coUls in relation to the mid-point in the menstrual cycle in 

subjects who wore chilled. 



Pig, 2._Kumber of experimental colds in relation to the mid-point in the menstrual cycle in 

subjects who were not chilled. 


Among the chilled subjects, colds developed much more frequently in sub¬ 
jects challenged during the ovliratoiy phase, which was assumed to he from 
4 days before to 5 days after the mid-point of the memstrual cycle (10 colds 
in 13 subjects) as compared with subjects challenged earlier in the menstrual 
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cjcle (5 colds in 18 subjects) oi those challenged later in the nienstiual cjcle 
(7 colds in 23 subjects). The piobabihtj that these diffeiences occnired by 
chance 'vvas less than 1 in 100 

IVhen the incidence of colds among all the chilled patients n as couipai ed 
iMth that among the patients nho ■\\eie not chilled dming the evpeiiment the 
difference nas not significant AVhen the 2 gioiips of subjects i\ho neie dial 
lenged dining the omlatoij phase of the menstiual cjde ntic compared, the 
incidence of colds nas much greater among the chilled sidijects (10 colds in 13 
subjects) than among subjects nho ucie not chilled (3G colds in 97 subjects) 
The piobabilitj that this occuiied bj chance nas less than 1 in 100 


Table III Fpequency \\itu Wiiicu Expeiumestal Colds Deneloded is Womes Rela 
T iossiiiP OF Mid point is Messtpuil C^cle to the Dv\ os Miiich 
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DISCUSSION 

Data obtained from clinical Jiistoiies, epidemiologic in\ estigations, and e\ 
peiimental infections” all indicate that some indniduals deielop colds moie 
fiequently than otheis It is estiemely important to delineate the host fac 
tois that aie i elated to suseeptibilitj to the expeiimental common cold in 
order to find the most faiorable situations undei uhich the espeiimental cold 
may be piodueed and, if possible, to find the nature of the lesistancc to in 
feetion 

AVe haie found that tobacco smoking and the piior removal of tonsils 
beat no i elationship to the fi equency of de\ elopment of the experimental com¬ 
mon cold Buck* reported that tobacco smoking had no appreciable effect on 
the incidence of naturally acquired colds in a group of 45 families 

AYith regciid to tonsillectomy, our obseiiations are in aceoid Mith the 
conclusions of most obseiieis i\ho studied the i elationship of pieMous tonsil 
lectomy to the de\ elopment of natuially acquired colds ” The decrease in 
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the frequency of the common cold which follows a tonsillectomy in some chil¬ 
dren can be accounted for by one or both of the following facts. First, the 
tonsils are often removed because of an unusually high frequency of upper 
respiratory infections in the jmai’s immediately preceding the operation, 
whereas these infections may reach a frequency that is nearer the average 
after or within a year or two after the tonsillectomy. Second, since each child 
is older after the tonsillectomy^ than before, the frequency of colds is likely to 
be less. 

The statement is often made that allergy is predisposing to colds. Siegel 
and his associates’® stated that among a group of adults who reported 5 or 
more colds a year 19.3 per cent gave a history of asthma, hay fever, allergic 
I'hinitis, or eczema. Among those who reported less than 3 colds a ymar, only 
10.1 per cent gave a similar history. A family history of allergy and eosin- 
ophilia of the nasal secretions were also more frequent among the subjects 
who reported 5 or more colds a year. Our experiments demonstrated a slight 
but significant increase in susceptibility to the common cold in subjects who 
gave a history of allergy. It might be contended that the solutions that were 
instilled in the subjects’ nostrils contained substances to which certain sub¬ 
jects ivere allergic. We doul)t the validity of this explanation since the solu¬ 
tions were nasal secretions that had been rendered cell-free and for the most 
part baeteria-free and to which only hemoglobin obtained from group 0 cells 
had been added. Furthermoi-e, we believe that the rigid criteria that were 
applied for the diagnosis of a cold would eliminate a mild allergic rhinitis, 
whereas the observers and the allergic subjects themselves would have diag¬ 
nosed a more severe allergic rhinitis had it been present. At any" rate, what¬ 
ever the mechanism, it is obvious that more persons with a history of allergy 
have coryzal symptoms of significance after exposure to an infectious agent 
than persons without allergy". 

The increased incidence of colds among subjects who were challenged 
with infectious secretion and subjected to chilling during the mid-portion of 
the menstrual cy"cle is an extremely" interesting observation. We know of no 
information on this subject with regard to the common cold, but Weinstein 
and his associates*’ studied the relationship of the time during the menstrual 
cycle when the clinical manifestations of poliomyelitis appeared. Among 50 
women, the menstrual period began in the 5 day"s before the first clinical mani¬ 
festation of poliomyelitis in 30 per cent and in the 4 day’s after the onset of 
the disease in 4S per cent. In 14 per cent of the patients the menstnial period 
began from the fourteenth to the sixth day before the disease and in only 8 
per cent the menstrual period started somewhere between the fifth and thir¬ 
teenth day after the onset of the disease. This i-elationship was not eousidered 
to be the result of a change in the length of the intermenstrual interval, since 
none of the patients gave a history of an early or late onset of menstruation 
for that particular month. The authors concluded that “there may be a criti¬ 
cal point in the menstrual cycle in respect to susceptibility" to clinical polio¬ 
myelitis at an interval corresponding to the incubation period preceding the 
beginning of menstimation or about 12 days prior to the onset of menstrual flow.” 
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■\Ve have lecalculated these data to determine the lelationship of tlic begin¬ 
ning of a 12-day incubation period to the niid-point of the menstrual cycle 
(assuming a 28-day meiistiual cycle); as shown in Fig. 3, the piesumed begin¬ 
ning of the incubation period fell bctueeii the 4th day before and the 5th day 
after the mid-point of the menstiual cycle in 39 (78 per cent) of the 50 cases 
Tills is the same pciiod in which i\c found the gieatest fiequency of develop¬ 
ment of e\peiimental colds. 

AVhy subjects who aie challenged and subjected to chilling aiound the 
middle of the menstiual cycle aie nioie likelj' to develop a common cold than 
subjects vho aie challenged at that time Anthout being chilled or than sub¬ 
jects who aie challenged and chilled dining another part of the menstiual 

Middle of 
menstrua! cycle 


I. 


12 10 86 4 202468 10 

Before After 

Fig 3—Onset of cases of poliomjclltls in relation to the mid-poInt In the menstrual c>ele 
(Recalculated from AVolnstein and is<«ociates »*) 

cycle is a matter for speculation It has long been noted that engorgement of 
the nasal nincosa occuired dining the piemenstrual and menstiual periods and 
dining pregnancy.^* “ Ambeison*^ observed congestion of the bronchial mu¬ 
cosa aiound the time of the menstrual peiiod. Moitimer and his associates'^ 
found that the injection of estiogens in monkeys could produce tingeseence 
of nasal mucous membranes On the other hand, Inouye, Jackson, Dowling, 
and Spiesman-® weie unable to establish any con elation between the appeal- 
ance of the mncoiis niembianes of the nose at the time of challenge Aiith an 
infectious secretion and the subsequent development of a common cold It is 
possible that estrogen or some other endocrine secretion acts upon the general 
metabolism or in some other waj’ to produce resistance to the common cold 

SUMMARY 

1 Among 143 allergic subjects between the ages of 18 and 35 years uho 
weie challenged with infectious secretions taken from patients vith a common 
cold, 45 per cent developed colds, as compared with 31 per cent among 693 
nonailergic subjects A\ho Mere challenged in the same way. These diffeienees 
were statistically significant. 
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2. Among 363 subjects whose tonsils had previously been removed, colds 
followed experimental challenge in 34 per cent, as compared with 32 per cent 
colds among 464 subjects whose tonsils were intact. 

3. Among 249 persons who smoked tobacco, 35 per cent developed colds 
following experimental challenge, as compared with 34 per cent among non- 
smokers. 

4. Among 13 female volunteers who were chilled and given an infectious 
secretion during the middle third of the menstrual cjmle, 10 (77 per cent) de¬ 
veloped colds as compared with 28 and 30 per cent of subjects .similarly treated 
who were challenged during the first or the last third of the men.strual cycle, 
respectively. The differences between the incidence of colds in chilled sub¬ 
jects challenged during the middle third and those chilled and challenged dur¬ 
ing the first or last thirds of the menstrual cycle or those challenged during 
the middle third of the menstrual cycle without being chilled, were statisti- 
eallj’ significant. 

We wish to thank Dr. Arthur Bound, Miss Delores Hughes, Mrs. Betty Connor, Mrs. 
Frieda Webb, Dr. Baymond Maurer, Dr. Theodore Wakefield, and Mr, Marvin Turck for 
assistance in this study. 
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STUDIES ON THE SOUTINE LABORATOEY DIAGNOSIS OF 
COXSACKIE GROUP B VIRUS INFECTIONS 

I. The Application of Tissue Culture Procedures 

Anthony J. Girardi, Ph.D.,® Klaus Hujuieler, SI.D., and 
Irving Olshin, JI.D. 

Phil.vdelphia, Pa. 


V IRUSES of the Coxsackie B group have been isolated from cases of 
pleuroclimia, aseptic meningitis, suspected or proved poliomyelitis, non- 
difforentiated febrile illnesses, and even apparently healthy inclividuaLs.' 'While 
in some of the eases an etiologic relationship could be clearly established, in 
otliei's tlie presence of the mrus might have been coincidental. In any event, it 
is obvious that a vii-us diagnostic laboratory must have convenient routine pro¬ 
cedures for isolation and identification of the.se agents and for detection of 
antibody responses in the patients. 

Vnule the use of suckling mice led to the discovery of the Coxsackie B 
vinises, it does not lend itself readily to large-scale testing such as a virus 
diagnostic laboratory may be called upon to perform. Identification of isolated 
agents by serologic typing and serum neutralization tests with the patients’ 
sera would require too large a number of animals. Crowell and S.m'ertoiP were 
the first to report on adaptation of Bi, Bj, and Bj \'inises to tissue cultures of 
HeLa cells but they experienced difficulties in cultivating B;. A neiv member 
of the group, B.-„ was isolated in tissue culture by Steigman.^ Sickles and 
associates^' ® reported on the use of tissue cultures of HeLa or monkey renal 
cells for isolation of certain Coxsackie A and Coxsackie B mnises. 

This report deals with the development of techniques, their application to 
routine diagnosis of sporadic cases of Coxsackie B infections, and compari.sons 
in a few instances of the results recorded in tissue culture with those obtained 
in suckling mice. 

MATERIALS AND METHODS 


Tissue Culture Techniques .—The HeLa strain of Jiunian cancer cells was emplovcd in 
these studies. Initially it was maintained as a laboratory stock culture as described I)y 
Scherer and associates,® and the groadh medium used was composed of 10 per cent human 
scnim, aS per cent Hanks’ balanced salt solution (BSS), and 2 per cent acetone-extracted 
chick embryo extract. Later the growth medium used was 20 per cent human serum and 
SO per cent Basal Medium (Eagle) in Hanks’ BSS.r Before test tube culture production, 
the .chcets of cells in the stock culture flasks were washed with 3 changes of 10 ml. of 
Hanks’ BSS and tiie ceils were tiien su'-pended by trypsinization or by scraping with a 
rubber policcm.an into n medium which was composed of 10 per cent hor.se serum, GO per 
cent maintenance .solution of Scherer,® and 30 per cent tissue culture medium No. 199. More 
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recently the medium cmplojcd Ins been 10 per cent horse «!crum 'ind 90 per cent Basal 
Medium (Eagle) in Hanks' BSS The tube cultures were seeded with 0 6 ml of the cell 
suspension containing approximateh 6 x 10‘ cells After tuo dajs this gro^\th medium 
in the tubes was replaced with 1 0 ml of maintenance medium containing, during earlier 
experiments, 10 per cent horse scrum, 30 iier cent No 199 and CO per cent Earle’s BSS 
reinforced with a small amount of casein h^drclj^ate* (final concentration 1 500) For 
later experiments 10 per cent lior«e acrum and 90 per cent Basic Medium Eagle in Earle s 
BbS were employed The Earles BSS was substituted for the Hanks BSS m the tube 
maintenance medium because the higher buffering capacity of the Earle’s solution allowed 
longer incubation without fluid renewal 
Firi/scs — 

Laboratory strains The B, (Connecticut 5) and the B, (Powers) strains were ob 
tamed through the courtesj of Dr R S llucbncr of the National Institutes of Health, the 
B, (Redmond) and B, (Nancj) strains from the \.merican T%pe Culture Collection and 
the Bj strain from Dr G Dalldorf in the fifth mouse passage All strains were subjected 
to 2 to 6 further passages in suckling mice m this laboratorj prior to adaptation to tissue 
culture 

Clinical specimens Stools were received bj the \inis diagnostic laboratorv from pa 
tients with suspected Coxsackie or poliomyelitis infections Twentx per cent suspensions 
were prepared in sterile distilled water and clarified by centrifugation at 2 500 rpm for 
20 minutes The supernatant fluids were treated with penicillin and streptomycin (1,000 
units and 1 0 mg per milliliter, respectively) and incubated at 36* C for 60 minutes prior 
to inoculation into culture tubes VTicrc mold contamination was found, myco«tatin 
(Squibb) was employed m final concentration of 1,000 units per milliliter of stool sus 
pension Later the stool specimen was swabbed with a cotton swab which was placed into 
2 0 ml of Hanks’ BSS containing the above mentioned amounts of penicillin, streptomycin, 
anil mycoatatau The asvab waa menbated an the HanLa’ aolntaon for 30 naanwtea at 37® C, 
excess fluid was drained, and the swab was discarded Numerous comparisons between the 
former and the latter method of preparation of stool specimens showed a good correlation 
Since the stool swab method was technically the easier and speedier one, it was finally 
selected as the routine method 

Lcctal and throat stuahs These were placed into 2 0 ml of Hanks’ BSS and frozen 
at the time of collection Tlie fluid was expressed from tlie swab after thawing and tlie 
swab was discarded The preparation was lightly centrifuged (wlien neces^niy) prior to 
treatment with penicillin, streptomycin, and mycostatin is described above 

Spinal fluids The fluids, collected ascptically and frozen until used, were not sub 
jeeted to incubation with antibiotics 

All specimens wore inoculated into 3 culture tubes each, employing 0 2 ml volumes, 
or intraperitoneally into one litter of suckling mice each, using 0 03 ml per animal 

Im7nunoloyic Typing of Isolated Viruses —The media from cultures showing cellular 
degeneration were liarvested and routinely diluted to 10 2 after it was found, 
on numerous titrations of such fluids, that the \irus titers were approximately 10 ^ 
to 10 5 The diluted fluid, 0 3 ml volume, was added to each of 4 tubes containing 0 3 ml 
of appropriately diluted hy^pcrimmunc sera, respectively (1) Polio Cox'^ackje B mixture, 
a pool containing poliovirus ty’pes I to III antisera and Coxsackic group B types 1 to 5 
antisera, (2) Polio mixture a pool of polioxirus tapes I to III antisera, (3) Coxsackie B 
mixture, a pool of Coxsackie B types 1 to 5 antisera, and (4) Hanks’ BSS solution 

After one hour at room temperature, culture tubes were inoculated with 0 2 ml of 
one of the various sera virus mixtures and incubated at 36® C until tissue degeneration 
was seen in the control, usually 24 to 48 hours after inoculation After it was established 
whether the isolate belonged to the poliomyelitis group or Coxsackie B group of viruses, the 
virus type was determined, using type specific sera following the above procedure 

Ftrtts Titrations in Mice —Serial tenfold dilutions were prepared m phosphate 
buffered saline and one litter of 1 or 2 day suckling mice (S mice per litter) was inoculated 

•Parenamine TVlnthrop Stearns Inc New York N T 
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per dilution employed. Eaeli animal received 0.03 ml. of the appropriate dilution by the 
intraperitoncal route. They were observed twice daily for a period of 2 weeks for tj'pical 
paralysis and death. 

VirKs Tilralionx in Tissue Culture .—These were performed in duplicate cultures of 
HeLa cells employing as inoculum 0.2 ml. of virus in serial tenfold dilutions in TIanks’ 
BSS. Cultures were observed daily for at least 7 days. 

Sera .—Hyperimmune sera were prepared in 5- to 6-woek-old Syrian hamsters employing 
hamster-adapted Coxsackie B virus strains. For immunization, 0.2 ml. of a 20 per cent 
suspension of infected suckling hamster muscle was inoculated intraperitoneally. Tiiree 
injections were given at 6-day intervals and the animals w'oro bled by cardiac puncture 
one week after the third inoculation. 

Patients ’ sera were prepared from bloods collected as near to the time of onset of illness 
as possible and 2 to 3 weeks later. Those were inactivated at 56° C. for 30 minutes and 
stored at -20° C. until serum neutralization tests were performed. 

Serum Scutralisation Tests.—Eyperimmune animal sera: Virus and serum dilutions 
were prepared in Hanks’ BSS (containing % the usual amount of NaHCO,) and 0.3 ml. 
of a vims dilution was added to 0.3 ml. of a serum dilution. Following incubation of 
the mixtures for one hour at room temperature, 2 tissue culture tubes were inoculated 
with 0.2 ml. each and incubated at 36° C. Cultures were examined for 8 days before 
terminating the experiment. Suckling mice were inoculated with 0.03 ml. of the serum- 
virus mixtures, one litter per preparation, and observed for a period of 2 weeks. 

Each tost was accompanied by virus titrations. Tire viruses were initially titrated 
in the presence and absence of normal hamster scrum. However, since no differences in 
titers were noted, Hanks’ BSS was employed in later control titrations. 

Patients’ sera were diluted in twofoid steps in Hanks’ BSS starting at a 1:10 or 1:16 
dilution, and 0,3 ml. volumes were distributed into 5 sets of tubes. Tissue culture fluids 
of the 5 prototype viruses, diluted to contain 100 tissue culture doses per 0.3 ml. (based 
on a 2-day cytopathogenio end point), were then added to the serum dilutions; sets 1 to 5, 
respectively. Mixtures containing 0.3 ml, of the initial serum dilution and 0.3 ml. of Hanks’ 
BSS served as a serum control for each specimen. Incubation, inoculation, and virus titrations 
were carried out as outlined above. 'The results were recorded after the control virus 
titrations indicated that 100 tissue culture doses were being employed as virus challenge (4S 
hours). 

IVlicn suckling mice were employed for the neutralization tests with patients’ sera, 
100 LD,j of mouse-adapted virus were employed, arid the animals observed for a 
period of 2 weeks. 

KESUL.TS 

The Development of Standard Virus and Antisera .—^Preliminaiy investiga¬ 
tion dealt with adaptation of the 5 type B strains to growth in HeLa and with 
the specificity of hyperimmime sera in tissue citltnre nentralization tests. 

1. Adaptation of type B Coxsackie strains to growth in cultures of strain 
HeLa: Passages in vitro tvere performed by inoculating 0.1 ml. of a dilution of 
infectious material (prepared in Hanlcs’ BSS) into culture tubes containing 
1.0 ml. of the maintenance flviid. On first passage, the 5 prototype strains pro¬ 
duced definite cytopathogenic effects even in dilutions of lO'^® or gi’cater 
(Column 2 of Table I). HoAvevei’, for rapid serial passages at 1- or 2-day 
intervals, lower dilutions were employed through tlic first few passages. Later 
jjassages were pei'formed close to the limiting infective dilutions. After 6 
passages in vitro the original infected mouse tissue had been diluted beyond the 
point ^vlicre rc.sidtial virus or toxicity of mouse tissue could be considered as the 
cause of degeneration in the cultures. These dilutioiLs arc listed in Column 5 
of Table I. The differences in the final dilution factors are due to passage of 
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the 5 stiains at dilutions ruitheimoic as amU be sIioaati bclou, the 

cj topatliogcnic changes A\cie picAcntcd bA specific hjpciimminie sera, establish 
mg the spccificitA of the ccllulai degenciation 

Compaiatne titiations wcie pcifoimcd in suchling mice and in IIcLa cul 
tiuc tubes A\ith both the staiting seed (infected mouse tissue) and the cultuic 
fluids after G passages of the mius in Mtio The icsults aic listed m Table I, 
Columns 1 to 4 The tissue cultuic titiatioii icsults include the da\ lAhen 
definite degenciation uas fiist obseiied m tubes at ihe titiahon end point 


Table I Tnr Results of Titrations in Suckling Micf and Tissue Culture (ITfLa) 
OP CoTsvcKiE B Virus Stpaiks Bffopf and After Passai f in Aitfo 


nrus 

strains 

OriGINAL MOUSE VITUS 

TISSUF CULTUTE 

PASSAGE NO C 

DILUTION OF 
OnCINAL 
ATRUS B\ 

PASSAGE 

IN VITTO 

5 

MOUSE 

LDm/0 03 AIL 

1 

tcd*/0 2 ail 

MOUSF 

lDm/0 03 ml 

3 

tcd/0 2 MI 

4 

B, 

IQG 5 

105 0 4 5 dAjst 

100 5 

lOi 0 4 dayst 

10 22 

B, 

105 5 

10‘0 8 days 

103- 

10* 0 5 dajs 

10 18 

B, 

106 0 

103 045 dajs 

105 0 

108 0 3 da >3 

10 20 

B. 

108 5 

103 0 G days 

105 0 

303 5 3 days 

10 13 

Bs 

108 5 

10* 5 9 dajs 

105 2 

105 5 6 dijs 

10 30 


•TCD ss tissue culture doses 

tD-iys of Incubation \\hcn degeneration wns first noted at end point dilution 


The infected mouse tissues had highci titcis in mice than in tissue cultuics 
foi all 5 gioup B tJTies but on passage in aitio the mouse titeis dceicased foi 
all but type Bi SimultaneousU, thcie uas an incicnsc in the tissue culture 
titcis of all but tjTiGs B*. and B 4 uhich icmaincd about the same The titiations 
nftei G passages in HeLa cells indicated highei titers in Aitio than in mice foi 
all but type B 4 anus Fuithcimoio, aftei passage in Mtio thcic uas a maiked 
1 eduction in the time nccossan foi tissue degenciation to be manifest Pne 
.additional passages in HcLa cells did not increase the tissue cultuic titers No 
mouse titiations ucie peifoimcd A\ith the clc\enth passage mateiials 

Storage of the 5 mius strains in the diy ice chest for one jeai as undiluted 
tissue culture fluid (T C 0 ) has resulted in a dccicase in the tissue cultuic titois 
of less th in 1 log 


Table II H\pefimmune Sepusi Titrations in Tissue Cuiturb Nfutraitzation Tests 
With Coxsackie B Virus Strains 


SEFUM 

TISSUF 

CULTUPB 

DOSFS OF VIRUS 

STRAINS NEUTPALIZED 

DILUTION 

TAPE B,* 1 

TYPE B,* 

1 TYPE Bi* 

1 TAPF B,* 

[ T\ PE B * 

Ilomologoust 

1 4 

> 100,000 

Not done 

Not done 

10,000 

100 

1 16 

10 000 

10,000 

1000 

100 

0 

1 64 

4 000 

1,000 

100 

32 

0 

1 128 

1,000 

100 

32 

10 

0 


•A Irus strains emplojed after < pas<«ages m cultures of "strain HcLa 
tNo heterologous neutralization was noted except a 1 4 hut not a 1 10 diJut on of B 
"seium inhibited 1 to 10 TCD of B. virus 


Quantitative neutialization tests with hypcnmniunc seta Poi dctciinin 
mg the titcis and spceificit\ of the 1 iat)ci immune soia picpaied m hainsteis, 
as Avell as of the tissue cultuic strains, “checkeiboard’ titiations a\oio pei 
foianed, le, scAeial dilutions of the homologous and heterologous seia Aveic 
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tested against several virus dilutions. Separate experiments were performed 
with each virus strain. Table II shows the results of homologous serum titra¬ 
tions. The 5 prototype sera proved to he highly specific even when heterologous 
serum dilutions of 1:2 or 1 ;4 were employed. Heterologous reactions were 
noted only in one instance where a 1:4, but not a 1:10, dilution of B, scram 
neutralized between 1 and 10 T.C.c doses of B 4 viras. 

The specificity noted permitted the use of these sera for immunologic 
tj^iing of isolated agents, and for routine use as standard control sera in neu¬ 
tralization tests. A 1:20 dilution was selected for immunologic tj^ping except 
for the B 5 scram where a 1 :4 dilution was employed. Immunization with this 
tj^m has given consistently low seram titers in both hamsters and guinea pigs, 
even after a rigorous immunization schedule. 

The Use of lleLa Cells in the Diagnosis of Coxsackie Infections. —Tlie 
availability of strain-specific hj'perimmune sera and tissue culture strains of 
the Coxsackie B mrases made it feasible to apply the tissue culture techniques 
in routine diagnosis by. ( 1 ) isolation and subsequent identification of viims 
fi'om clinical specimens; and ( 2 ) identification of specific antibodies in sera of 
patients. 


Table ni. Ooxsaceie B Virus Isolations Prom Various Types op Clinical Specimens 

IN Cultures op Strain HeLa 


1 


NUJtBER 

OP STRAINS 

ISOLATED 

j 

TOTALS FOR EACH KIND 

TYPE OF SPECIMEN 1 

B, 

1 

n— 

B, 1 

B, 

OF SPECIMEN 

Stool 

1 

11 

24 

13 

4 

53 

Rectal swab 

0 

4 

3 

3 

0 

10 

Throat swab 

0 

6 

1 

10 

1 

18 

Spinal fluid 

1 

0 

1 

0 

0 

2 

Totals for each 
■virus type 

2 

21 

29 

26 

5 

83 


1. Isolation and immunologic typing of Coxsackie B vims strains: Tube 
cultures of HeLa cells employed with a variety of clinical specimens resulted in 
83 isolations representing all 5 types of Coxsackie B A'irus (Table III). Degen¬ 
eration was noted in culture tubes from 1 to 7 days following inoculation and 
the culture fluids were haiwested and passed in tissue culture in the presence 
of standard hyperinunune sera for the 3 immunologic tjqics of poliomyelitis 
liras and the 5 immunologic tiTies of Coxsackie B vinis, as descrilied above 
under Immunologic Typing of Isolated Viruses. 

Successful isolation of strains representative of 4 immunologic types of 
Coxsackie B I'iins was noted from .stools, rectal or throat swabs, and from 
2 spinal fluids. In one case, 2 viras types, B» and B,, were isolated and in this 
patient neutralizing antibodies develojicd to B 4 virus (1:64) but were not 
detected to B- lirus (< 1:16). The quantity of seram was not sufiieicnt to 
employ a lower serum dilution. 

Parallel attempts at virus isolation in suckling mice and HeLa cultures 
were made in a few in-stanecs. Vdiile the evaluation of comparative suscepti¬ 
bility of the two systems must await collection of more extensive data, it is 
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appaiont fiom the icsitlts piesentcd in Tabic IV that primaiy isolation failed 
in tissue cultuic in some cases uhcic the specimens 3 aelded \ims in suckling 
mice, and Mce leisa The shams isolated m mice could be tjTicd houeiei, 
directlj in tissue cultuie -nithout piioi passage in HeLa cells Likewise, those 
shams isolated in HeLa could be passed into mice diicetlj aftei isolation in 
tissue cultuie Thus, the diffciential icsults in the tuo si stems mai icpiesent a 
problem of sampling oi iiial eonecntiahon since the isolation m mice of Co\ 
sackie B stiains ■uliicli do not leadih piopagatc m HeLa cultures has not 
picscnted a pioblcm to date 


Table IV ConrirjiriVE Isolations or Consackif B Virus in Suckling Mice and in 
C uLTUitES or Stkain HfLa 




I ISOLATION 

RESULTS IN MICE 



1 + 

1 

Isolation results 


26 

5 

in HeLa 

- 

11 

101 


2 Idcnhficahon of spccxfic atitibodxes in sera of patxexxfs Results of senim 
neutialization tests m HeLa cell culhucs iiitli paired patients’ soia are pre 
sented in Table Y 

Groxxps A1 axid A2 There uas a fourfold oi gioatcr iiicicaso in antibodi 
titci to the tjpc of Mrus isolated in 20 of the 25 cases studied Fiic of the 20 
eases shoMcd an heterologous response as nell (Gionp A2) Two of these 5 
cases retealcd lieteiologous titei uses to the B, iirus stiain, another 2 patients 
showed high lieteiologous titeis to the Bi nius in both acute and eonralcscent 
sera uithout showing a use to this agent, and one patient demonstiated an 
heterologous htei to B, a irus 

Groxxp B In 2 of the 25 patients a spociBc iiicicase of less than fourfold 
was noted Fiom one of these patients both B- and B, anuses weic isolated 
with an antibody icsponse lesulting to the B 4 urns onlj 

Gxoxxp C Two othei patients had high titeis against the homotypic \arus 
in both acute and comalescent scia 

Gxoup D Finallj, in one case, oiih a slight mcicasc in titer to the homo 
typic nnis was noted while maiked incicascs (siNteen fold oi gieatci) wcie 
found foi two other nius tjpes 

Although the eompaiatne senim neutialization titiations m mice weie leij 
limited, essential^ similai lesnlts weie obtained with the fiist three pans of 
scia listed in Tabic V That is, significant uses in seium titer weie obsciied 
only against the homotipic tj-pc B, agent These titeis weie < 10/40, 20/320, 
< 20/40, lespcctnelj In two of these cases a slight sciologic lesponse 
( < 20/20) was eiidenced against the typo Bi agent as well Since these few 
neutialization tests lequned moie than 90 littcis of mice, no fuither com 
paiisons wcic made 

DISCUSSION 

The 5 immunologic tj-pes of mouse adapted CoNsackic B i nais, including 
seieial strains of tjqie B., were found to piopagatc rcadilj m ciiltuies of HeLa 
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Positive serum titers in italics. 

*Si = First serum sampie; Sz = second serum sample 
tN.D. =: not done. 
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cells No nclaptalion pioblems weie cncoimtoied vith subsequent passage in 
Mtio ruitheimoie, the tissue cultiue s\stem emplo\ed seemed to piOMde a 
good meustiuum foi pnmaij isolation and taping of mi uses of tlio Co\sackie B 
gioup fiom clinical specimens Vmiscs icpicsentatnc of all 5 immunologic 
t\pes liaic been isolated fiom a laiieti of specimens, including 2 spinal fluids 
A compaiison of the frequenev of isolations m HcLa and in the suckling mice 
shoved that in some instances specimens Molded Minis in onlv one of the sjs 
toms emplo^ed Howc^ei, the agents so obtained could then bo tiansmitted 
leadih to the othei host so that the failuics cannot be asciibed to ^arlant 
stiains of Minis It is obMous that for optimal losults both IleLn cells and 
suckling mice vill ha-ce to be used Virus stiains, vhethci isolated m tissue 
culture 01 mice, could roadih lie identified b\ noutialization tests in tissue eul 
tuic The tissue eultuic s-cstem also pio\cd to he satisfactoic foi dcteimimtion 
of neutiali/ing antibod\ icsponses In all of 25 cases studied theic vas oithei 
a use in titei against the homot\pic \iius isolated (23/25) oi both acute and 
eoiualesccnt seia shoved high titeis to the specific agent isolated (2/25) Wheie 
a significant hotelot^ pic response vas noted as veil (G/25) cases, antibodies 
ngainst tlic B, and B^ t^pe vcic nnoUed This could possibh indicate a dual 
infection 01 an anamnestic icsponso in the patient 

SUMM \RT 

Cultuics of IIcLn cells vcic cmplo^cd foi loutinc isolation and immunologic 
taping of Miuscs of the Coxsackic B giowp in human infections Agents of all 
5 tjqics hai e been isolated fi om a i anetj of clinical specimens including spinal 
fluid Some of the agents veic more icadilv isolated in suckling mice than in 
HeLa cells and mcc \eisn Tiie fiist passage stiains theieaftci veie readih 
passed in eithei sjstem 

Serologic OMdence of infection was obtained in seium neutialization tests 
employing tissue cultuie adapted Mrusos as antigen, and HeLa cell cultuics as 
the host sjstem 
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STUDIES ON ERYTHROPOIESIS 
VI. Erythropoiktin in Human Plasma 

Clifford W. Gurney, M.D., Eugene Goldwasser, Ph.D., and Chao Pan, B.S. 

Chicago, III. 

T he mechanisms whicli regulate erythropoiesis have been under intensive 
investigation in recent years. Carnot and Deflandrc^ were the first to 
suggest a humoral mechanism was of imjiortancc in this regulation. Investi¬ 
gations prior to 1952, largely confined to animals, ivere summarized in the 
extensive review by Grant and Root," and at that time evidence favored the 
humoral control of erytliropoiesis. The factor responsible for this control has 
been referred to as ci-ythropoietin by BonsdorJT and Jalavisto.^ 

A significant advance was made by Borsook, Graybiel, Keighley, and 
Windsor^ when they demonstrated an erythropoietic .stimulating factor in 
the filtrate obtained from heat denatured anemic rabbit plasma. Although 
obtained from anemic rabbits, this filtrate could be assayed in the normal rat. 
The appearance of an erythropoietic factor in the plasma of rats or rabbits 
made anomie by phlebotomy or injection of phenylhydrazine has been demon¬ 
strated by numerous investigators.”'® 

Recent investigators have turned their attention to the significance of 
erythropoietin in the human being. Contopoulos and his co-workers^° have 
■ 'demonstrated a plasma factor from blood of patients with polycythemia vera 
which is capable of stimulating erythropoiesis in the rat. Linman and 
Betliell” have demonstrated stimulation of erythropoiesis in the normal rat 
by injections of extracts of plasma from patients with polycythemia vera and 
secondary polycythemia. Pilero and co-workers’® have foimd an erythrocyte 
stimulating factor in the plasma of patients with Cooley’s anemia and sickle- 
cell anemia. Their report also summarizes previous work with human plasma 
by other investigators. 

The purpose of this report is to record the demonstration of erythro¬ 
poietin in the extract of heat denatured plasma obtained from anemic patients. 
This demonstration has been facilitated by the development of an assay pro¬ 
cedure by Plzak, Pried, Jacobson, and Bethard’® dependent on the increased in¬ 
corporation of radioiron into erythrocj'tes of rats stimulated by the intra¬ 
venous injection of eiythropoietin. Although Gordon, Piliero, Tannenbaura, 
and SiegeP'* had previously demonstrated that the hypophysectomized rat was 
capable of responding to anemic rabbit plasma extract with increases of 
peripheral red cell, hemoglobin, hematocrit, and reticulocj’tc values, Jacobson 
and his co-workers’”’ first clearl 3 '^ demonstrated that the hypophj’sectoinized 
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lat an c\tremch sensitnc ammnl foi hnstn of oijthiopoictin actiMt> and 
that a dramatic incioasc of Fe® incoipoiation into the animal’s cijthiocjtes 
foIlo^\Gd onh 2 01 3 iiiieetions of antimc lat plasma The significance of this 
assa\ method icsts in the gicat incicasc ot icd cell Fe-’^ incoipoiation, often 
se\eial hnndied pci cent gitatoi than that pioduced bj noimal plasma, ic 
qiiiniig onh small amounts of anemic plasma It has theicfoio become 
possible to aioid lengtln assays in iihich small uses in iienphezal hemoglobin, 
icd count 01 hematociit following main iniections of a plasma c\tiact lepre 
sent actiMtA of the extiact hemg tested In the piesent stud} this assaj pio 
ceduie uas used in an attempt to dctcimine the piescnce of erythropoietin 
in noimal and anemic human plasma 

MFTHODS 

Fift\ to no ml of blood from anemic patients collected in 2o0 ml bottle's each 
contnininj; 1 ml (1000 unit'?) of heparin Kormal control blood was collected in 500 ml 
bottles each containing 2 ml of heparin Immediateh after collection the plasma is as 
separitcd bi centnfugition in the cold, removed, and storid in the Deepfreeze until ex 
traction 

Plasma as a" extractel bs the boiling methol as described br Borsook and co ivorker*' * 
The plasma s\as brought to a pH of 5 5 bv addition of 0 1 normal Iisdrochloric acid, put 
into a boiling water bath for 10 mmute«, and filtered The precipitate was washed twice 
snth an eijual \olumo of diotillod srater all filtrates being pooled Emplosing a rotarv 
evaporator, the filtrate s^a^ then concentrate! to the volume of the original plasma speci 
men ^ince normal pi isrna failed to demonstrate erv tliropoietic stimulating activitv, we 
oonsiderel the po««ibilitv that ervthropoictm might be present in titers insufficient to demon 
strato m iiomial plasma bs the assav wstem employed and some specimens of normal 
plasma sserc, tlurtfore coiieontr itcd to one tenth the original rolume Such specimens ssere 
then ilialvzed for 4S hours m order to remove the eveossuo amounts of ehctrolvtos prisint 
as a result of coiiceutr ition Aftir conccntrition to the tlesired volume, the pH was adjusted 
to 7 3 bv the addition of 0 1 normal sodium hvdro\ide 

An extract of normal pla'ma was “Ivo prepare I ii'Hig perchloric acid A volume of 
10 per cent perchloric acid c<|ual to the plas na specimen was added to the plasma slowlv 
with continuous stirring The precipitate wu'. washed two times with 5 per cent per 
chloric acid, each washing was with a volume equal to one half the original jdasma vol 
ume The supernatant fluid anl wa-shings. were placed in a ^ inking Cising bag, dialvzed 
against distilled water for 72 hour' concentrate 1 to the desire 1 volume, and the pH was 
adjusted to 7 *3 1 V the addition of 0 I N sodium hvdroxide 

Hvpophjseetomized unlo ‘spr iguc D'lwh v rats, 110 to ISO grams in weight, wore used 
The animal', in each assav were S to 13 davs posthvpophv'OCtoinv when the assav was 
begun On 2 successive davs 2 ml of anemic plasma extract were injected in the tail vein 
while the animals were under light ether anesthesia On the third dav a tracer dose 
of 1 to 2 /ic of Fe 3 (activitv approximatelv 2 000 me per gram of iron) in saline, buffered 
to pH 7 5 with sodium citrate was inicctel 'Sixteen hours after iron injection, 1 ml of 
blood was obtained bv cardiac puncture for assav Between successive cardiac puncture®, 
the s\nnge used was riiiscl in normal saline and finalh in heparin (1 000 units per 
milliliter) The thin film of heparin left in the s\ringe was sufficient to prevent clotting 
Blood samples and two aliquots of the standard prepared at the time of radioiron 
injection were counted in a Kanev Wood scintillation counter Assuming a blood volume 
of 5 per cent of bodv weight >3 and correcting counts for background, the per cent 
incorporation in red cell® at 16 hours was calculated Per cent iron incorporation = 
net counts of bloo I per minute/ml x both w eight in gram® x: 0 05 
net counts of stan lar 1/ml 

Results are expressed as average per cent uptake i one standard deviation Starved, 
normal, male Sprague Dawlej rats of the same age and weight as the hvpophv^ectomized 
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animals were also occasionally nsed for assay.n These animals had no food for 24 hours 
prior to the beginning of the assay, and were maintained in the starved condition through¬ 
out the assay, water being given ad libitum. 

At least one normal plasma control and a saline control assay nas run every 2 rveehs 
over the duration of the entire study. A normal plasma control was not, however, run 
with every assay. 

KESULTS 

Studies on Normal Plasma .—^The average uptake obtained when the ex¬ 
tracts of individual heat denatured plasma specimens from 10 normal donors 
with hemoglobin above 14 Gm. per cent was used in hj^pophysectomized rats 
was 3.1 per cent; this value does not differ appreciably from an uptake of 3.4 
per cent when normal saline was used. In starved rats, 3.5 per cent uptake 
was obtahied with extract of tiormal plasma from 6 donors, and an uptake of 
3.2 per cent followed the in.icction of normal saline. These results are sum¬ 
marized in Table I. It seemed likely to us that normal plasma was not deimid 

TjVble I. IxFi.UExcE OP Extuact op Nokmai, Human' Piasma on Per Cent of Fes!> 
Incorpok.vtion in Rat Euytiirocytes* 


Assay of heat denatured plasma from 
iO normal hunmn donors ass.ayed in 
49 hypophyscctomizod rats 
Saline control in 40 hypophysectomired rats 
Assay of heat denatured idusma from 
5 normal human donors assayed in 
22 hypopliysectomizcd rats 
Saline control in 25 starve d rats _ 

‘.Average values i one standard deviation. 

of eiythropoietin, but that the concentration was so small as to escape detec¬ 
tion by this assay. To test this possibility, after precipitation of proteins by 
heat or perchloric acid, the supernatant fluid was concentrated 10 times. The 
incorporation of Fc°'’ into red cells was sufficiently increased, Avhen compared 
to incorporation following injection of saline or nnconccntrated plasma ex¬ 
tracts to indicate that erythropoietin is present in normal plasma. These re¬ 
sults are summarized in Tabic II. 

Table II. Ep.ythbopoietic Activity op Fractionated Concentrated Normal Plasma 
(5 Hypophyscctoraized Rats in Each Group) 

Heat denatured 10 x normal concentration, dialyzed 12.6 t 2.1% 

Normal concentration, dialyzed 2.6 ± 1.2% 

Pereliloric acid 10 x normal concentration, dialyzed 7.6 ± 2.5% 

Normal concentration, dial yzed _ 2.8 t 1.3% _ 

Assay of Plasma From Aneviic Patients. —Twenty-one plasma specimens 
were obtained from 18 patients with anemia. Twelve were positive, and 9 
were considered equivocal or negative. At this time, we prefer to consider 
only those assays averaging 7 per cent or more in hypopliysectomizcd rats as 
positive (control = 3.1 per cent), although undoubtedly lower values could 
be considered positive if larger numbers of animals were used in each assay. 
Results of these assays are summarized in Table III. 

In the first patient, hypoplastic anemia was secondary to Atabrine which 
had been administered on 3 occasions for treatment of chronic discoid lupus 


3.1 ± 1.1% 

3.4 + 1.4% 

3.5 ± 1.7% 

3.2 ± 1.1% 
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and 9 wcie positive In keeping with oui aibitiaiy assumption that incoipoia- 
tioii of 7 pei cent oi moic of the adimmstcied dose is lequiicd befoie an 
assaj lie considered positive, plasma fiom Patient 10 is classified as negatne, 
although 6 3 pei cent incoipoiation cleaily exceeds any of the contiol ^ allies 
Patient 11 had chioiiic gianuloejtic leukemia accompanied bj mild anemia 
Assays of extiacts of his plasma ueic negative in both hjpophjsectomized 
and stalled lats 

Positue lesults weic obtained uhen cxtiacts of plasma from patients with 
pel melons anemia, acute gastiomtcstinal hemoiihage, and Hodgkin’s disease 
with aiieiuia weic assayed 

Diagnoses of patients whose plasma extiact was negatne oi cqimocal 
aie emimeiated in Table III Only Patients 11 and 16 were in a good state 
of nutiition Patient 17 was in a pooi state of niitiition and has poisistently 
in the last yeai had a hemoglobin uiidci 9 Om The lemaimng patients weie 
cachectic and consideied to be appioaehing tciminal status at the time blood 
was obtained foi assaj 

DISCUSSION 

The lats used foi assay in this stud> ha\c plasma lolumes of approxi 
mately 3 5 ml Thciefoie, it is logical to mquiie as to whj the ciithiopoietin 
m 4 ml of noimal plasma is not sufficient to stimulate eiythiopoicsis A1 
though we cannot aiiswci this question at the piesent time, we behcic theie 
IS loss of aetiMty of plasma aftei icmoial from the body^® AVc aie not now 
able to asceitaiii o\'ict)> how much ei>thiopoictin is lost in the extinction 
employed heio, but pioliminaiy studies m oui laboi atones suggest about SO 
per cent loss If the latc of m vno tiiinoiei is gieat, it may be that seieial 
times that amount of ciythiopoictm piesent in the noimal lat at anj one 
time would haic to be gneii to the hypophjscctomized oi staiiod rat oiei a 
2 day peiiod in oidei to mcieasc eiythiopoicsis And finally, if undci physi 
ologic ciicumstances the lat should haie a highei conccntiation of eiythro 
poietin than the human, conccntiatioiis which would lie normal foi the latter 
would not he sufficient to pioduce an optimal icsponse in the lat 

It is appaicnt that without conccntiating the plasma extiact, an actiie 
eiythiopoictic stimulating pimciple can be dcinonstiated ni the heat denatuied 
extract of plasma fioni human beings with a \aiiety of anemias It is not 
entiiely clear at this tunc why a high titei of eiythiopoietin cannot be dem 
onstiatcd in the plasma of all anemic subjects A lecent abstiact by Pientiss 
and ilirand^” lepoits demonstration of ciythiopoietic actiiity in plasma of 
10 to 15 patients with anemia, using the assay pioccdure first employed by 
Filed, Plzak, Jacobson, and GoldwasserThe diagnoses associated with the 
anemias weic not stated In then study the extiact was conceiitiated 3 times 
It IS piobahle that some of oui extiacts which weie ncgatiie would ha\e 
been positive had the plasma been coiiccntiated We chose not to concentiate 
plasma extiacts in this initial clinical study foi two leasons Fust, we have 
been leliictaiit to lemoie loutinclj moie than 50 ml of blood fioin seieiely 
anemic patients until we had thoioughly eialuated the lesuits we could oh 
tain by assajnng a senes of anemic plasmas without concentiating them Sec¬ 
ond, if It is to give the most meaningful icsults, conceiitiation of anemic 
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plasma should be as many times as is required to demonstrate activity in 
normal, uonauemic plasma. Although we have demonstrated activity in 
normal plasma extracted by perchloric acid precipitation or heating and con¬ 
centrated 10 times, we have not yet determined in a large series of normal 
plasma specimens the minimum number of times the filtrate from heat de¬ 
natured normal plasma must be concentrated in order to demonstrate activity. 
Concentration of exti-acts of anemic plasma an arbitrary mimber of times may 
yield a few more positive assays. It will not, liOAvever, make negative results 
any more mearrmgful. Negative assays will be significant only when they 
indicate decreased concentrations of erythropoietin in idasma of anemic sub¬ 
jects. We haA'e chosen not to concentrate extracts of anemic x^lcsma until 
we have deteinnincd the number of times we must concentrate them in order 
to make a negative result indicative of decreased erythropoietin concentra¬ 
tions. 

It may be, however, that failure to demonstrate erythropoietin in the 
plasma of all anemic patients cannot in every instance be atti'ibutable to in¬ 
sensitivity of the assay method. It appears possible to us that some anemic 
states may bo accompanied bj^ and to some degree attributable to a decreased 
concentration of erythropoietin, with a new steady state being established at 
hemoglobin levels less than normal. 

Bethard and Wissler-* have demonstrated reduction of the rate of 
ei’ythropoiesis in protein depleted rats as measured bj’’ Fe““ uptalce, and 
Fx’ied, Plzak, Jacobson, and Goldwasser'* have reported a decreased rate of 
ei’ythropoiesis in acutely starved animals. It may be that in some patients, 
as in Patients 14 and 15 with carcinoma, starvation contributes to decreased 
erythropoiesis by decreasing erythropoietin production. Finally, in light 
of recent evidence reported by Jacobson and associates- suggesting that 
erythropoietin is produced in the kidney, it is interesting to speculate that 
decreased production of erythropoietin may have contributed to failure to 
demonstrate activity in the extract of anemic plasma of a patient with 
chronic renal disease. Excessive excretion of erythropoietin in chronic renal 
disease is still another possibility which warrants investigation, particularly 
since an erythropoietic stimulating factor has been demonstrated in the urine 
of an anemic patient by Piliero and co-workers.^- 

The appearance of increased concentration of eiythropoietin in animals 
following bleeding or hemolysis,‘■®’ the high concentrations of erythro¬ 
poietin in several of our patients, and the prompt disappearance of the high 
concentration in one patient following blood transfusion suggests to us the 
possibility that the homeostatic mechanism by which a patient responds to 
anemia by increased erythropoiesis is mediated through production of in¬ 
creased amounts of erythropoietin. If future investigation substantiates this 
hypothesis, it is apparent the assay method as now employed is not very 
sensitive, since reticulocyte counts as high as S,9 per cent were found in patients 
whose plasma failed to demonstrate activity on bio-assay. 

It is clear that a relationship does not of necessity exist between severity 
of anemia and erythropoietin concenti'ation or degree of reticulocytosis and 
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eiytliiopoietm concentiation A hemoglobin of 5 2 is associated with a 
iilasma eij tliropoietni coueentiation sufficient to increase Fe''® ineoiporation 
sixfold 111 the case of hypoplastic anemia, -while the plasma of a nephiitic 
patient -with a compaiable anemia failed to demonstrate activitj by the method 
employed The bone maiiow may be lefiactoiy to the stimulus inoduced by 
an incieased eiythiopoietin content, as in Patient 5 with leukemia wheie no 
reticulocytes weie piesent, while leiels of eiythiopoietin sufficiently below 
the threshold of detection by this method may still be associated with a 
leticulocytosis, as in Patients 1,11, and 18 

AVe aic led to postulate that patients with se^ele anemia have a high 
plasma titei of eiythiopoietin unless its production is deeicased oi its destine 
tion 01 evcietion is incieased In those iiistanees whcie the patient will 
spontaneously coiieet the low hemoglobin le\els, as following acute hcmoi 
rhage and diug induced hemoljtic anemn, we bolic\e the clc\atcd eijtluo 
poietin concentiation will he found to dccitasc as the hemoglobin uses The 
erythropoietin content may be expected to lemain high m anemias which aie 
not correctable by the unaided homeostatic bod> meclianisms, but will prob 
ably be found to decicasc following blood tiansiusiou to a noimol level oi 
follo^ving use of hemoglobin to a noimal lc\cl, as in peinieious anemia ade 
quately tieated with Bij Finally, we belicie futuic woik m ly indicate some 
anemias will be attiibutablc to dccicascd oi absent eijthiopoietin pioduction 
The lecent imcstigation of Pileio and co woikeis’® suggests piimaij led cell 
anemia of children may be such a disease Since cobalt appeals to act by 
lECieasmg the pioduction of eiythiopoietin,'’® it is leasonablo to anticipate 
anemias associated with icnal disease, chionic infection, neoplasm, and rheu 
matoid aithntis, all lesponsivc to cobalt administration'’^ may be attiibuted 
to low plasma eiythiopoietin concentiations and may, therefoio, lespond 
to eiythiopoietin when a pieparation sufficiently potent and puie enough 
to permit clinical tiials becomes a\ailable The dccieased late of non 
incoipoiated in the led cells of staived lats and the lesponse m these animals 
to anemic lat plasma®^ suggest anemias accompanying staiwation and cachec 
tic states may be at least partially the lesult of low plasma eiythiopoietic con 
centrations 

SUWM VRY 

1 Using the incoipoi ition of Fe®® into ciy thiocy tes of hy pophy sectomizcd 
01 starved male Spiague Dawley lats, eiythiopoietin has been demonstiated 
in normal plasma This requited tenfold concentiation when plasma cxtiacts 
aie piepaied by heat denatuiization or peichloiie acid piecipitation 

2 AVithout concentiating the plasma cxtiacts, eiythiopoietin Ins been 
demonstiated in heat deiiatuied plasma evtiacts of 10 anemic subjects 

3 Hypoplastic anemia, in 3 patients, cannot be attnbuted to deci eased 
erythiopoietin concentiation 

4 High eiythiopoietin concentiations in the blood of one patient with 
hypoplastic anemia fell piomptly following blood tiansfusion 

5 Failure to demonstiate aetnity by this method is not necessaiily m 
dicative of decieased erythiopoietin concentiations 
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6. The results of this stud3'' .are consistent with the hypothesis, first 
formuliited by Carnot and Deflandre in 1906, that the rate of erj'thropoiesis 
is mediated by a humoral mechanism. 
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OBSERVATIONS ON THE NATURE OP THE ERYTHROPOIETIC 
SERUM FACTOR 

II. Ehythropoietic Actimty of Serum axd Boxe JLireow After Time 
Limited E.xposure to Anemic and Hypoxic Anoxia 

Adlan J. Erslev, M.D. 

Boston, Mass 

T he late of led cell pioduetion, although conditioned by many known 
mineials, vitamins, and hoiuioncs, appeals to he controlled by the tissue 
tension of oxj-gen. The physiologic mechanism responsible for this control is 
unknon n. However, it has been suggested that a humoi al orj thropoietio fac¬ 
tor might seive as a mediator betiveen a specific oxygen .sensitive tissue and 
the bone mariow.' 

Recently, this concept has leceived cxpeiimcntal support by the demon¬ 
stration of an eiythropoietio factor in plasma and seium from animals exposed 
to aiiemie and Jiypo\ic anovia (see levieiv by EisJev*) The eiytlij opoiotjo 
factor lias not boon isolated or purified as yet, but it has been found to be 
present in a noudialyzablo fiaction of the pioteiu-moiety of seium.’ 

In order to define fuither the physiologic mechanism of the control of 
orythi opoiesis, the time relationship bct«cen the indiietiou of tissue anoxia 
and the appearanoe and peisistencc of erythiopoietie factor in serum was 
studied. 

.methods 

Adult, male New Zealand rabbits wcigliing 2 2 to 3 2 kilograms were used 

throughout Anemic anoxia was induced by a single bleeding of 20 ml. per kilogram body 
weight. In order to minimize circulatory adjustment, the bleeding was promptly followed 
by an intravenous infusion of an equal volume of C per cent dextrau in saline. The 
anemia was terminated by reinfusion of tho blood removed for which hepann was used 
as anticoagulant. 

Hj-poxic anoxia was induced bj exposing the animals to 10 or 11 per cent oxjgcn 
at normal barometric pressure iii an airtight chamber.The oxjgen le\el was kept con¬ 
stant by admitting compressed room air and pure nitrogen at flow rates sufficient to 
provide a total air flow per minute of 4 literb per animal. An electric fan maintained 
even oijgcn concentration in the chamber, while calcium chloiide and calcium, hjdroxide 
removed excessive moisture and carbon dioxide. 

The serum obtained vvitlun a few minutes after the termination of the anoxic periods 
was bio assayed for erj thropoietic factor. For each bio assaj 3 to 4 animals were ex¬ 
sanguinated and their serum pooled. The technique used in the bio assay has been do- 
‘senbed in detail in a previous publication 3 In short, 50 ml of the serum to bo tested was 
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Services, Boston City Hospital, and the Department of Medicine, Harvard Medical School, 
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infused intr.i\euoubly into iiorniul rabbits once a day for 1 dajs. Reticulocyte counts and 
iiomogfobm eoncontratious 'i\ere lolloped for 7 dajb, ami the magiutmle of the reticulocjte 
response was taken as an index of the erj thropoietic acUvitj ot the intiised serum, 

Eeticulocj to counts Mere made fioiii blood smears on co%or glasses, prepared with 
brilliant cress 1 blue. The smeais weie counterstaiued with Wright’s Stain. One thousand 
red cells were counted. During anemic periods the reticulocjte percentages were corrected 
for the fall m the total number of red ceils, and expressed in per cent of the initial red 
ceil count. 


[Js-ANEMIA 3 HRS 



3 t 


- 0 I E 3 4 3 « 


0 I C 3 4 3 « 


- 0 I 2 3 4 S ( 


1—Charts m wiper io\% hemoglobin concentrations and mean anti Individual 

reticulocyte percentages oi normal rabbit*? bled JO ml per kilogram iMth immediate restoration 
of blood volume by 6 per cent dextran in saline In different groups of rabbits the anemia 
was terminated 3. Q, JO, or 4S hours later by leinfusion of the previously removed blood Dui- 
mg the anemic periods reticulocyte percentages were corrected for the deciease in the number 
of red blood cells Charts m lower row Mean hemoglobin concentrations and means and 
individual reticulocyte counts of normal rabbits receiving four daily infusions of 50 ml of 
serum Serum was obtained from groups of rabbits after 3, b, 20, or iS hours of anemic 
anoxia 


RESULTS 

1. Reticulocyte Response to anemic Aiioxia .—Gioups of normal rabbits 
were rendered anemic by blood loss (Hgb < 7.0 Gm. per cent) for 3, 6, 20, 
or 48 hotns After such interxals the anemia was terminated by reinfnsion 
of the blood drawn The individual and mean reticulocyte responses to this 
acute, time-limited anemia are ehai-ted in the upper portion of Fig. 1, along 
with the mean hemoglobin concentrations A moderate increase in the num¬ 
ber of reticulocytes was obseived m most animals kept anemic for 6 hours. 
Anemia maintained for 20 houi s induced a significant reticnloeytosis, although, 
less pronounced than the response observed after 48 hours of anemia. 
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2 Uujthioimetic Activity of **Anemic” Sown —Gioups of labbits len 
(leied anemic bj blood lobb (Hgb <70 Gni pei cent) foi 3, 0, 20, oi 48 hoiub 
woie bled to death and the seiiim tioiu each group bio a&bayed foi eiythiopoi 
etic actiMty The lesultb aic shown in the lowei poition of Tig 1 Seiuin 
fioni amm lib kept anemic foi 3 houis was on)} questionably actnc, while 
seium tiom animals kept anemic loi C liouis showed a definite eiythiopoietic 
actnitj Ijien gieatei aetiMty was picseut in seiuni fiom animals kept 
anemic foi 20 liouis and 48 horns Serum fimn animals with a hcuioglobin 
coneentiation maint uned at less than 7 &m pei cent foi 5 dajs, leiealed 
eiythiopoietic actnity simihi to the activity touiid after 20 and 48 hoius of 
anemia (Fig 2, A) 



Fiff 2—‘Mean hemoglobin concentrations and mean and induidual reticulocyte counts of 
normal rabbits receiving four daily infusions of 50 ml of serum I Serum obtained from 
rabbits after five lays of sustained anemia (Hemoglobin <70 Cm per cent) B, Serum 
obtained from rabbits 3 hours after the termination of a 20 hour period of anemic anoxia 

3 Eiythiopoietic Activity of Serum Afto Teimination of Anemic An 
oxia —Rabbits lendered anemic by bloodless (Hgb <70 Gm pei cent) foi 20 
houis, weie bled to death 3 houis aftei the anemic anoxia had been teiminated 
by means of leinfusion of the picMously lemoicd blood Bio assay of this 
seiuiu lovealed an almost complete disappcaiance of ciythropoietic activity 
(rig 2, B) 

4 Reticulocyte Response to Hypoxic ^rlnoxia—Gioiips of noimal rabbits 
weie exposed to 11 pei cent oxygen toi 3, 6, oi 20 houis and then eiythro- 
poietie lesponse wts compaied with itsiilts obtained in a piciiously reported 
study, with labbits exposed to 10 pei cent oxjgen foi 48 houis ^ As shown 
111 the uppei poitioii of Fig 3 no reticulocyte lesponse followed 3 and 6 houis 
of hypoxia Hypoxia lasting 20 hours and 48 houis weie followed by a definite 
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III the stud\ repoited hcic, au acute anemic anoxia -with a reduction in 
hemoglobin eoiieentiation to appioximately 50 pei cent of uoimal ^^as induced 
])} means of a single bleeding and maintained for 3, 6, 20, oi 48 hours 
Changes in the numbei ot leticulocjtes duimg the next 6 dajs ^^ere used to 
e^aluate the efteet of these peiiods of anoxia on the bone marioiv A slight 
ineiease in eijthiopoietie actiMty was noticeable attci 3 hours of anemic 
anoxia, with a iuither piogussi\e ineieasc as the peiiods of anoxia wcie pro 
longed The ietieuloc>te icsponses octuiicel aftei a delaj ot 48 hours without 
eMdenee of a significant immediate lelcasc of leticulocytes 

Eijthiopoietie actiMt} of seium obtained at the end of the anoxic peiiods 
was found to be slight, but measurable aftei 3 houis, was definite aftei 6 hours 
auel \ei\ sigmficant attoi 20 hours of aueuue anoxia ^taiemic anoxia mam 
taineel foi 48 houis oi for 5 dajs, was associated with the same degiee of 
ei\thiopoietic actiMts ot serum, as aftei 20 houis Aftei teimination of the 
anemic peiiods, the cijthiopoietie actuitj ot stium was tound to base almost 
compUteh disappeared in three hours 

Fioui these data, it is impossible to state defimteb whethei the appeai- 
anee of eijthiopoietic acti\itj m sciuni pieecdcs mcicased bone manow ac- 
tiMt}, 01 whethd the eii,thropoictic factor meiely icfiects iiicieased mitotic 
actuit} of the nonuoblastie tissue m the bone manow Howe\ci it has been 
shown that anemic anoxia in aiumals that ha\e lecened nitiogen mustaid is 
associateel with eijlhiopoietic activitj of the seium, despite complete absence 
of eiythiopoietic actuitj of the bone manow ® Consequtntl>, it seems likely 
that cijthiopoietic actuitj ot seium precedes cijthiopoictic actnity of the 
bone manow This would suppoit the hypothesis that tissue anoxia controls 
the pioduetioii oi lelease of an eiythiopoietic factoi, which in tuin controls 
the late of icd cell pioduction ruithci suppoit foi this hj-pothesis comes 
fiom the obseisation that eiythiopoietic actuitj of serum, induced by anemic 
anoxia, dii>appeais lapidly aftci collection ot the anemia 

Acute hypoxic anoxia was luduccd by exposing animals to an mixtiues 
containing 10 oi 11 pei cent ot oxigeii Hypoxic anoxia lasting 3 and 6 honi*s 
was not followed by any signihcant meiease in the nuiubei of leticulocytes 
Hypoxic anoxia of 20 houis’ duiation was lollowed by a definite leticulocite 
icsponse, although less than the icsponse obsened* aftei 48 hoiu“S of hypoxic 
anoxia The iiicicase in eiythiopoietic aetmts ot the bone manow was less 
in all gioups than the iiicuast obsened aftei anemic anoxia ot a coiiespond 
mg duiation This diftticiicc in lesiioiisc might be due to a diffeiente in the 
degiec ot tissue anoxia It is seiy possible that a 50 pel cent iceluctiou in 
hemoglobin eoiieentiation will usult lu a moic seieie tissue anoxia than a 
50 pei cent leduetion lU the oxygen eoiieentiation ot ambient an Howeici, 
the anoxiL insult in both the anemic animals and in the hypoxic animals was 
close to the limit of toleiaiicc, with a 10 to 15 pei cent moitahty ITuthei- 
moie, the eiythiopoietic actnity of seia obtained immediately after coire 
sponding peiiods ot Inpoxie anoxia and anemic anoxia weie stiikingly similar 
These considciations suggest that the degiec of anoxia in the anemic animals 
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and in the hypoxic animals %smre approximately the same. The dilferenee in 
bone marrow resjjonse could eoncehmbly be related to the fact that compensa¬ 
tory hyperventilation and alkalosis occur in animals with hypoxic anoxia, 
and not in animals with anemic anoxia. 

The tissue or organ in which a low tissue tension of oxygen causes an 
elaboration of the erythropoietic factor is still unknown. Saline extracts from 
various tissues inchiding bone marrow, spleen, liver, thymus, lung, and kid¬ 
neys obtained from anemic animals have not been shown to be erythropoieti- 
cally active.® 

Pituitary extracts have been shoAvn to possess some erythropoietic ac- 
ti^'ity.^• ® However, it appears uidikely that the erythropoietic factor is pro¬ 
duced in the pituitary gland, since this factor has been found in the serum of 
hypophysectomized animals exposed to anemic anoxia.®’ Recently, Jacob¬ 
son and co-workers” have suggested that the erythropoietic factor is produced 
in the kidneys. Unfortunately, observations on uremic rabbits do not support 
this attractive idea.” First, serum from rabbits rendered both anemic and 
uremic showed a low level of erythropoietic factor whether the uremia was 
induced by bilateral nephrectomy or by bilateral ureter ligation. Further¬ 
more, the bone marrow of nephreetomized rabbits continued to be active 
despite the complete absence of kidney tissue. That the factor is not elabo¬ 
rated in the blood stream itself is suggested by the fact that plasma from nor¬ 
mal whole blood, equilibrated in vitro against pure nitrogen for 24 hours, 
failed to show erythropoietic activity. Likewise, plasma from whole blood of 
anemic animals remained erythropoietically active despite equilibration 
against air mixtures with 21 per cent oxygen and 100 per cent oxygen for 
24 hours.® 

That some specific tissue system must be responsible for the elaboration 
of the erythropoietic factor seems obvious, but much more work and probablj' 
a less laborious bio-assay technique will be necessary before this system and 
the physiologic mechanism responsible for the production of erythropoietic 
factor can be identified. 

SUMMARY 

Anemic anoxia with a 50 per cent reduction in hemoglobin concentration 
or hypoxic anoxia with a 50 per cent reduction in the oxygen tension of am¬ 
bient air were induced and maintained in groups of normal rabbits for 3, 6, 
20, or 48 hours, respectively. The reticulocyte response to the anoxia was 
determined in each animal, as well as the erythropoietic activity of serum ob¬ 
tained at the end of the anoxic periods. 

In animals with anemic anoxia a moderate increase in the number of re¬ 
ticulocytes was found after 6 hours of anemia, with progressively greater in¬ 
creases in the reticulocjde response after 20 and 48 hours of anemia. In ani¬ 
mals with hypoxic anoxia there was no response after 3 and 6 hours of 
hypoxia, while 20 and 48 hours induced significant reticulocyte responses. 
However, these were loAver than in the animals kept anemic for corresponding 
durations of time. 
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The eijtluopoietic actixity of the pooled seiuni obtained at the end of the 
anemic peiiods x\as found to be questionable aftei 3 horns, definite after 6 
houis, and maximal aftei 20 honis Idaiiitenance of the anemic state for 48 
houis 01 foi 5 dajs did not change the activitj' of the seium The erythio 
poietic actiMt> of seium fiom animals ixith hjpovic anoxia toiiespoiided 
closely to the actiMfj of seium fiom labbits kept anemic for the same length 
of time 

Seium obtained 3 houis aftei the terminition of a 20 houi peiiod of 
anemic anoxia was found to ha\c only minim il cij thiopoietic actnity 
I ui'-h to thank Miss Eha Ruiz for valuable assistance in tins stud} 
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NEONATAL SEROLOGIC DIAGNOSIS OP HEMOLYTIC DISEASE 
OF THE NEWBORN CAUSED BY i\J30 INCOMPATIBILITY 

Kurt Sterx, M.D., Israel Davidsohx, iI.D., axd Arnold Buznitsky, B.A. 

Chicaco, III. 


T he diagnosis of hemolytic di.scaso of the newborn (IIDN) is considerably 
more difficnll if the disease is caused i)resumably by matoimal isosensitiza¬ 
tion to the A or B antigen than when Rh incompatibility is responsible. In 
addition to the fact that most eases of AB-hemolytic disease are clinically 
mild, Ave arc faced with a moi-e complex serologic sitnation than is the case in 
HDN caused by sensitization to the Rh factor or even to other, more rarely 
involved, blood factors. In all other cases of IIDN, detection in maternal 
serum of the antibody for a blood factor present in the infant’s red cells repre¬ 
sents prima facie evidence, whereas in HDN caused by AB incompatibility 
investigation of the maternal serum is hardly ever conclusive: physiologic or 
so-called “natural” isoagglutinins for the red cells of the infant are always 
present. ConsequentljL immunologic .studies mu.st be used to demonstrate 
quantitative and, if possible, qualitative changes in the antibody, especially 
the presence of “immune” or incomplete anti-A or anti-B. For the purpose of 
this presentation, complete isoagglutinins are defined as antibodies capable of 
agglutinating saline-suspended red cells, whereas incomplete isoagglutinins are 
antibodies not capable of doing so, but require the use of the indirect anti¬ 
globulin technique and/or papain-treated red cells for their detection. 

The interpretation of results of prenatal and neonatal studies of maternal 
serum is further complicated by the fact that relatively high titers of incom¬ 
plete (“imnurne”) isoagglutinins may be found in ABO-heterospecific preg¬ 
nancies that are not associated with HDN. Finally, neonatal diagnosis on the 
infant’s blood present a further difficulty: in contrast to HDN caused by Rh 
and other isoantibodies, the direct antiglobulin (Coombs’) test on the red cells 
of the infant is only rarely po.sitive. In those rare cases the reaction is feeble, 
and requires special techniques for demonstration. 

These circumstances haA’c prompted many authors to investigate the 
possibility of finding some other method of diagnosis of the disease. Pertinent 
literature Avill be revicAved later. 

The primai-y purpose of the present study was to test for the presence of 
the incompatible agglutinin in cord bloods of normal infants, as Avell as of 
infants suspected of or diagnosed as huAdug HDN attributable to ABO incom¬ 
patibility. We assumed that the sitnation in ABO incompatibility Avould be 
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similar to that in RIi incompatibility, namely, that the offending antibody must 
traverse the placental hairier and hence appear in the infant’s blood. In 
analogy to Rh sensitization, we assiimed that incomplete antibodies would be 
probably associated iWth piesence of disease A pieliniinaiy repoit of this 
work was presented in 1956.* 

MVTERIVL VND METHODS 

Most specimens tested ^ere coni blood obtained at the time of delivery from pre 
suraably normal infants Tlie spcciniciis were collecteil as clotted blood Although 
heterospeeific pregnancies ivere of primary mtere'*t, cord bloods from homo'peeifie preg 
nancica nere al«o tested. Some of the specmicns, especially those of infants suspected 
of or diagno-ed as having HDN, Mere \enous blood. 

ABO and Bh tjpes were determined withm 24 to 4S hour- Serum was separated 
from the red cells as soon as po—ible, and, if not tc-ted immediately, was -tored frozen 
at -20® C Most tc'^ts i\ere earned out with specimens not more than 1 to 2 da\s old 
Blood groups and Rh t\pes of the mother- were aiailable from prenatal te«t-, and re 
checked whene%er indicated 

Isoagglutimns were tested for bj lolumetric titrations in which 01 ml. of the red 
cell suspension was added to 0.1 ml of «erum and of twofold serial dilutions of the «erum 
The following techniques were employed: 

1. ^fixtures of 2 per cent -aline suspended red cells and serum dilutions were ceii 
trifugcd immediately (30 seconds in a small table centrifuge, comnierciall} aiailablo as 
“Serofuge*’ 2 ), and the readings recorded. 

2 The tubes u-ed in Techai<|ue 1 were shaken gently, incubated for 2 hours in a 
yyater bath at 37® C, read, and the results recorded 

3 Tubes not showing agglutination \yerc conyerted into imhrect autiglobuhii tests 

4. In another -et of titration-, papain treated red cells? were added to the serum 

and serum dilutions and incubated at 37® C. for hour 

o. Some specimens were al-o tested in a ma« romolecular medium, b.\ using 2 per 
cent suspensions of red cells ui 30 per cent boy me albumin and AB serum for dilution of 
tlio serum. Since this procedure did not produce agglutination as frequently as the other 
methods, it was omitted from the latter part of the studj. 

All tests yrere carricil out yyith pooled fre-h cells obtained from at least two indi 
nduals of groups A„ B, and O The latter cells were included as control for possible de 
tection of nonspecific agglutinins 

RESULTS 

lucompatible agglutinins a\eic found in 6 of the 48 combinations of 
mother 0-baby A, in 3 of the 10 combinations of mother B-baby >\I>, in 4 of 
the 27 combinations of mother 0-baby B, and in one of the 11 combinations 
of mother A-baby AB No instance of incompatible agglutinins %vas found 
among tlic othei combinations In 4 of the 14 coid bloods uitli incompatible 
agglutinins the antibody avas complete. Clinical and liematologic e\amiiia- 
tion of the 14 infants avith incompatible agglutinins failed to disclose ea ideiice 
of hemolytic disease 

In all 34 cases of hemolytic disease of the ncavboin, in aa’hich the pre- 
sumptiac diagnosis aa'as first made on the basis of clinical and hematologic 
findings, incompatible incomplete agglutinins avcic piesent (Table I). In 
most instances both the antiglobulin technique and tlie test aaith enzyme- 
tieated red cells gave positive results, but in 5 instances onlj' the test avith 
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papain-treated red cells, and in 4 only the antiglobulin test were positive. 
With either method the titers were low, rarely sho^^'ing agghitination in serum 
dilutions higher than 1:2. 


Table I. Ixcoiipatible Aggi.otikijis ix Iseasts With HDN Caoseo by ABO 

Incompatibiuty 


CL001> (IROUP 
JtOTlIEK ! IN’EANT 

XO, OF 
OASES 

[ .METHOD CAPABLE OF DETECTING 

1 AaVTI'A j 

1 

1 

AGT 

PAP. 

AGT + 

PAP. 

AGT 1 

PAP. 

AGT + 
PAP. 

0 

A 

L'G 

4 

3 

J9 




B 

AB 

1 


1 





0 

B 

o 





1 

4 

A 

AB 

2 






Q 


Total 

■M 

4 

4 

B) 


1 

(5 


AGT = Antiglobulin technique. 
PAP, = Papain-treatod red cells. 


In order to compare and evaluate the transplacental transfer of complete 
and incomplete anti-A and anti-B isoagglutinins, cord blood of honiospecific 
pregnancies was also tested. IIomo.speeifie pregnancies are defined as those 
in which the mother does not possess isoagglutinins capable of agglutinating 
the red cells of her infant, whereas m heterospecific pregnancies mothers have 
such isoagglutinins. In Table II the findings in 106 homospecific and in 123 
heterospecifie pregnaneies are summarized. In accord with previous inves¬ 
tigations,the highest percentage of infants with isoagglutinins demonstrable 
in cord blood was in those l)oru to mothers of group 0. 


T.vbI/B II. Complete and Incompi.ete Isoagglutinins in 

Cord Blood op Normal Infants 





1 PRESENCE OF 





1 AXTI-A 1 

1 anti-B 


SLOOP GROUP 1 

XO. OF 

^ OO.MPLETE 

1 INCOM' 1 

! ('0^fPLF.TE j 

1 IXCOM- 


TklOTHER 

j IXFANT 1 
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; pr.ETE j 


1 PLETE 


i 0 
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•29 

26 

3 

26 
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29 
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li 
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A 

0 

18 



8 
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B 

IS 

9 
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^ - 

B 

0 

7 

4 

2 



fcb 1 

AB 

A, B, AB 

5 





o 

*—* Ch 1 


Total 

106 

39 

11 

43 

13 

« 

0 

A 

48 

1* 

5 * 

34 

8 

Cm 5 

0 

B 

27 

24 

3 

I- 

3* 

o H 

A 

B, AB 

24 




1* 

h txj 

CJ 

B 

A, AB 

24 

2* 

1* 



3 ^ 


Total 

123 


9 

:i5 

12 

♦Incompatible 

agglutinin. 






The data shoivn in Table II lend themselves to an analysis of the rela- 


infants, exclusive' of incompatible agglutinins. The results of this analysis 
are summarized in Table III. When anti-A was present in the mother, it was 
absent in less than 5 per cent of the compatible infants, whereas maternal 





















Volume SO HEMOL\ TIC DISEASE OP NEWBORN 553 

Number 4 


antiB was absent in 21 pci cent of infants not possessing the B antigen This 
diffeiencG in belniioi of uiti A and anti B antibodies appeals to be piimaiily 
the lesult of the less fiequcnt passage ot complete anti B agglutinins as com 
paied with anti A, while tiansplaccntal tiansfci of incomiilcte antibodies is 
appiOMinately the same foi both antibodies 


Table III RELimovsnii Bethelv Isoagglutimvs iv AUtetnal ind Coed Bioods in 
Normal Ini ants' 


ISOtGGLUTININ 

IRLSINTIN 

MATEENVL 

SERUM 

1 

T\1E01 

PrEGNANCl 

NO OF 
CASES 

1 

ISOtGGLUllNlN 

IN CORD feERUM 


1 IFESFNT 1 

tUSENT 

1 COMPLETE 1 

1 INCOMl LETE 

1 rOTtl 1 

1 ^0 

1 % 1 

1 ^0 

1 % 

1 

1 Vo 1 

i NO 

1 % 


Ilomoapi-Cifie 

54 

J9 

72 2 

11 

20 4 

oO 

92 6 

4 

74 

Auti A 

Iletcrospccific 


24 

88 0 

3 

11 1 

27 

100 0 

0 

0 


All casei> 

81 

63 

77 6 

14 

17 6 

77 

95 2 

4 

4 8 


Homospecific 

76 

43 

56 6 

13 

17 1 

oG 

73 7 

20 

26 3 

Anti B 

Hetciosptcific 

48 

34 

70 0 

8 

160 

42 

87 5 

6 

12 5 


411 coses 

124 

77 

62 0 

21 

170 

98 

79 0 

26 

21 0 


•Incompatible agglutinins excluded 


Table IV Reports on Presence op Incomi \tibib Isoagglutinins in Cord Blood 




1 







1 blood GROUP 1 

NO 01 1 




AUTHOR j 

lEVR 

1 MOTHER 1 

INI\NT 1 

casts : 




Aubert et al t 

1945 

B 

A 

1 

? 

? 

iatal HDN 

Mitchell ct al s 

1949 

0 

A 

3 

V,\\ 

I 

Fatal HDN 

Wiener et al * 

1949 

i 0 

1 0 

A 

B 

1 

1 

A 

4 

I 

I 

IIDN 

HDN 

V, itcbskjfl 

1949 

B 

A 

1 

AB 

I 

Fatal HDN 

Robinson et al to 

1951 

0 

V 

3 

SV 

I 

HDN 

Brjee et al n 
Phansombooii and 

1952 

0 

A 

1 

AGT 

I 

IIDN 

Pollacki2 

1952 

0 

A 

2 

•\\ 

I 

Fatal HDN 

Cranford et al 

1953 

0 

A 

8 

AGT 

I 

HDN 



( 0 

A 

22 

AGT 

I 

HDN 

Zuelzer and Kaplani^ 

1954 

1 0 

A 

1 

S 

C 

HDN 


1 0 

B 

6 

AGT 

r 

HDN 

Seclcnt'' 

1954 

0 

A 

2 

S 

C 

SI jaundice 




Total 

52 




Jakobowicz and 

1948 

J 0 

A 

3 

S 

C 


Brj ceto 

i A 

AB 

1 

s 

C 



r 0 
i 0 

A 

4 

A 

I 


Wiener et al * 

1949 

B 

1 

A 

I 




1 A 

B 

1 

A 

I 

None 



r 0 

A 

3 

4GT 

I 


Zuelzer and Kaplant? 

1954 

1 0 

A 

1 

AGT 

1 



1 0 

A 

1 

S 

C 





Total 

15 





•A := Acacia AB = serum (group AB) AGT = Indirect antiglobulln test S = saline 
P s: plasma SA = serum albumin W = "Witebsky neutralization “ 
tC = Complete I = Incomplete 


DISCUSSION 

Incompatible isoagglutinins in an infant with hemoljtic disease neie first 
icpoited 111 1945 bj Aubeit and associates We hate attempted to summarize 
additional lepoits fiom the litciature in Tabic IV as they weie atailable to us 
Most of them weie case reports oi small senes, until Zuelzei and Kaplan“ 
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feported a larger series in 1954. With the exception of 3 eases, the antibodies 
in the studies listed in the upper part of the table were incomplete; the 
methods used for their detection are .shown in a separate column. The high 
incidence—7 out of 52—of fatal IIDN is remarkable; it probably does not 
reflect the general clinical course in ABO incompatibility but rather the se¬ 
lected character of the series. Similarly, 49 of 34 cases listed by us in Table 1 
were severe enough to necessitate replacement transfirsion. 

Table IV also contains data from the literature on presence of incom¬ 
patible agglutinins in infants without any clinical disease. Significantly, 5 
of 15, or one-third, of these antibodies were complete, i.e., demonstrable in 
saline medium. This incidence is similar to that of our own series (Table II). 

On the basis of these findings of previous workers and of our own ob¬ 
servations, the following remarks appear to be in order; 

1. Incompatible agglutinins are present, as a rule, in the serum of infants 
affected with IIDN caused by ABO incompatibility. 

2. The antibodies are. as a rule, of the “incomplete” type, and hence re¬ 
quire for their demonstration methods such as the antiglobulin technique or 
enzyme-treated red cells. 

3. In our experience, the antiglobulin test or the technique employing 
papain-treated red cells proved capable of demonstrating the incompatible 
agglutinin in each of the 34 eases of hemolytic disease caused by AB incom¬ 
patibility which we had an opportunity to investigate. Papain-treated red 
cells were sometimes successful in demonstrating the antibody when the in¬ 
direct antiglobulin test failed to do so, and vice versa. Both methods should 
be used in each case. Our experiences with papain-treated cells appeared to 
confirm the statement by Spielmann’'’ that the strongest and most rapid ag¬ 
glutination of group A red cells by anti-A agglutinins was seen with papain- 
treated red cells. 

4. In oru’ series, 14 of 123 infants in heterospecific pregnancies showed in¬ 
compatible agglutinins without evidence of hemolytic disease. In 4, the ag¬ 
glutinins were detectable in saline, and hence presumably a “complete” anti¬ 
body. Hence, while incompatible agglutinins were found in every ease of 
HDN caused by AB incompatibility, this finding is not specific for the dis¬ 
ease because they were also found in about 10 per cent of infants without 
demonstrable disease. This is not at all surprising since passage of anti-A or 
anti-B from mother to infant may occur -without manifest clinical conse¬ 
quences. On the other hand, because of the frequently mild disease, the find¬ 
ings of incompatible isoagglutinins is to be considered as a warning, inviting 
closer observation and additional testing of the new'born. 

5. Among the 34 infants with IIDN caused by AB incompatibility, 27 in¬ 
volved incompatibility to the A antigen, and 7 to B. Several authors have 
previously recorded and commented on the greatei- frequency of maternal iso¬ 
sensitization to the A than to the B antigen as cause of HDN.^-“ In our series 
of normal infants born from heterospecific pregnancies (Table II), trans¬ 
placental transfer of incompatible anti-A was observed in 9 of 72 cases, and 
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of incompatiblo aiiti B in 5 of 51 cases These fignies do not suggest that the 
placenta lepiescnts a gic.iter bauiei to incompatible anti B than to incom¬ 
patible anti A 

As far as tiansplacental tiansfei of compatible agglutinins (Tables II and 
Ill) IS coiiLeined, the lollowing obscivations weic made motheis of gioup 0 
tiansmit compatible isoagglutinins (anti A as well as anti B) much more fre¬ 
quently to then infants than do motheis of gioup A This holds tuie also foi 
hcteiospccific piognancKs of 0 mothers with infants of gioup A oi B 
Motheis of gioup B tiansmit isoagglutinm anti A almost as ficqueiitly as 0 
motheis, but the antibody is moie ficqiieiitly incomplete While, in gencial, 
motheis transmit anti A luoie fieqiiently to then infants than anti B, this dif 
feicnee by itself dots not seem to be capable of explaining the gieatci inci 
dence of HDN caused by maternal isosensitization to A than to B As a 
mattei of fact, incomplete anti B antibodies which most likely would be le- 
sponsible foi HDN appealed to tiaveisc the placental baiiiei with about the 
same fiequeucy as did meompletc anti A The juoic ficqutnt appeaiaiice of 
auti A than of anti B in coid bloods may be meicly the leflcction of the fact 
that anti A isoagglutinm icach highei titeis in the mattinal seium than do 
anti B agglutinins The explanation of the dilfcience in tlie incidence of HDN 
caused by A and B isosensitization must be looked foi in factois othei than 
diffeienccs in tiansplacental tiansfei of the coiiespontling antibodies 

Oui obscnatioiis aic in good accoid with data obtained by othei inves 
tigatois on the fiequeucy of tiansplacental tiansfei of isoagglutinins Thus 
Polayes, Ledeici, and Wionei*® found anti A in appioximately 70 pei cent 
and aiitiB in 53 pci cent of coid bloods of infants whose motheis possessed 
these antibodies Since these antibodies weie demonstiatecl with saline 
suspended led cells, they may coiicspoiul to oui categoiy of “complete” anti 
bodies of 77 6 pei cent foi anti A and 62 0 pei cent foi anti B (Table III) 
Howcvei, it must be kept in mind that the ability to agglutinate saline 
suspended icd cells by itself cannot be always taken as pioving an antibody 
to be complete One ot us (I D"') showed that occasional seium specimens 
with high titeis of incomplete Rli antibodies may agglutinate saline suspended 
led cells when tested in undiluted scium oi even in low dilution Recently, 
Munk-Andeisen'’® specifically pointed out that incomplete anti A and antiB 
agglutinins lequiicd even less colloid tlian Rh antibodies for bunging about 
agglutination of suitable icd cells In the piescnt woik the incomplete natuie 
ot isoagglutinins was coiisideicd as pioicd only if eithci saline suspended led 
cells weie not clumped at all oi at a titci at least 2 dilutions lowei than the 
titei obtained with the iiulireet aiitiglobulm test oi with papain tieated led 
cells 

Using saline suspended icd cells, Toiej’® found that in homospecific pi eg 
nancies onti A was tiansmitted fiom mothci to infant in 85 pei cent and anti- 
B in 74 pci cent 

On the basis of quantitative estimations of mateinal and neonatal anti¬ 
bodies, be inteipieted these findings as piimaiilj leflectmg highei maternal 
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titers of anti-A than of anti-B and not indicating differeirces in placental 
permeability for the two antibodies. That, in addition to “complete” isoag- 
glutiuins, cord bloods may contain “incomplete” anti-A and anti-B was demon¬ 
strated by Ilirszfeld and associates^* and by Wolf^^ by means of a dextran 
method, and by Wiener and Unger« who employed acacia or the indirect anti- 
globnlin (Coombs') technicpie. 

SUMMARY 

1. Isoagglntinins anti-A or anti-B capable of reacting with red cells of the 
same ABO group as the infant (incompatible agglutinins) were demonstrated 
in the blood of each of 34 infants with HDN caused by ABO incompatibility. 

2. The incompatible antibodies were of the “incomplete” type and could 
be best demonstrated with the indirect antiglobulin test or with papain-treated 
red cells. 

3. Incompatible agglutinins were also found in approximately 12 per cent 
of cord bloods of normal infants born from heterospeeific pregnancies,- about 
one-third of these antibodies were of the “complete” type. 

4. Data collected from the literature together with our own observations 
support the usefulness of tests for “incompatible” isoagglutinins in the neo¬ 
natal diagnosis of HDN caused by ABO incompatibility. 

5. From investigations of the transplacental transfer of anti-A and anti-B 
agglutinins it appears unlikely that differences in placental passage can ac¬ 
count for the differences in the incidence of HDN caused by A and B incom¬ 
patibility, respectively. The commonly higher titer of anti-A in the blood of 
the mother is probably sufficient to account for the difference. 
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A COMPARATIVE STUDY OP THE ASHBY DIFFERENTIAL 
AGGLUTINATION, CARBON" AND IRON”'’ METHODS FOR THE 
DETERillNATION OF RED CELL LIFESPAN 

N. I. Berlin, M.D., Pn.D.,- j\I. Beeckmans, Pu.D., P. J. Elmlinger, M.D,,'*’^' 

AND J. H. Lawrence, lil.D. 

Berkei^ey, Cade. 

A NE^MIA not resulting from extravaseular blood loss can only be due to a 
decrease in the rate of production of red cells, a decrease in the lifespan 
of the red cell, or a combination of these two factors. With the development in 
this laboratoiy of the radioactive iron method for the measurement of the rate of 
production of red cells, it Avas shown that in chronic leukemia the red cell pro¬ 
duction rate is usually normal or increased.' This inrplied that the red cell 
lifespan might be shortened. Studies of the lifespan of the red cell using C"- 
labeled glycine showed that in patients with chronic myelogenous leukemia, 
and in some patients with chronic Ijnnphatic leukemia, the red cell lifespan was 
shortened.'' This is a direct method for the measurement of the red cell life¬ 
span. At the time these studies were in progress, it became apparent that a 
re-evaluation of the Ashby differential agglutination technique for determining 
the lifespan of the red cell was necessary, since Avith this method normal cells 
are transfused to the patient or, on the other hand, red cells from a patient 
are transfused into a normal recipient." In neither case is the red cell life¬ 
span measured in its normal enviromnent. It is entirely possible that the 
recipient aauII not treat the transfused cells in the same manner as his oAvn. It 
is possible that an individual might produce red cells that are defective and 
have a short lifespan, aa'IiHc normal cells transfused to him would have a normal 
Rfespan. For this reason, studies of the lifespan of red blood cells Avere under¬ 
taken using simiAltaneously the Ashby, the C'^-labeled glycine, and the Fe"" 
techniques. 

AIETnODS 

Thirteen patients were studied (see Appendix). Patients with blood groups A, AB, or 
B were transfused rvitli red cells from group O normal donors, and the patients with group 
0 and subgroup II red cells were transfused with subgroup X red cells,'*-' The transfused 
red cells were counted at least once a week, according to tlic procedure of Sheets and as- 
sociates.r 

Plasma iron clearance and in vivo iron studies were done witli Peso, as previously 
described,!, a Tbe red cell uptake curves were followed for at least loO days, except 
in patients E. P. and P. AA''. 

Prom the Section on Research Stedicine. Donner Laboratory and Donner Pavilion. 
University of California. Berkeley. 
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Health Service. 

Received for publication April 15, 1957. 

•Present address; National Cancer Institute. National Institutes of Health. Bethesda, 

Md. 

••Present address; 06 Av. Charles AVoeste, Brussels, Belgium. 

•••Present address; Internal Hediclne Staff, Napa State Hospital, Iniola, Calif. 


558 



\ olume 50 
Number 4 


ilEASUREMENT OP RED CELL LIFESPAN 


559 


Tlie lifespan of the red blood cells was measured with Ci'* labeled gljcine as described 
preiiou^lj 2 

The blood volume w is determined with PS" labeled red cells® 

RESULTS 

The blood \olumcs aie piesented iii Table I Table II gnes the plasma 
ladioiron cleaianee data and snmmaiizes the Fe*''* in m\o studies 


Table I 


PVTIENT 

BLOOD \OLUME 

TOTVL PED CELL 

VOLUME 

PI \SM V \OLUMI 

HEM vTocun 
(per cent) 

ML. 1 ML /KG 

MU 

1 ML/KG 

MU 

1 ilL /ko 

PRCV* 1 PCV* 

1 J Jt 








2 J S 

4,840 101 0 

1,212 

25 3 

3,198 

COG 

25 34 

SMS 

3,G71 G12 

1,597 

26 0 

1,909 

31 S 

44 47 

4 F T 


1 

712 

24 S 

3,924 

56 S 

24 45 

5 T W 

3,558 01 1 

1,281 


2,277 

39 1 

36 

G F M 

4,419 53 7 

1,2S2 

15 0 

3,137 

381 

29 

7 R M 

4,200 G7 0 

1,747 

27 5 

2,513 

39 5 

41 

S R G 

5,040 07 5 

o 

117 

2S3 

2,873 

38 5 

42 

9TB 

5 591 77 9 

2 


30 8 

2,903 

471 

40 43 

10 R r 

2 820 58 8 

1,128 

231 

7,092 

35 7 

40 

11 \ F 

5,854 SO 5 

2 

019 

27 8 

3,835 

52 8 

34 

12 L F 

3 179 09 9 

1 

717 

37 7 

1,462 

o 

54 

13 T A 

5,151 70 0 

1 

7o3 

20 0 

3,404 

50 0 

34 

•In c&ses nhScii the IFBC 

wajf e}e%ste<J both 

the packed red cell \olome {PRCV> 

and the packed 

ccH (red and white) volume (PCV) arc indicated 


tNo blood 

volume dati available for this patient. 







Table II 








IB TURNOVEP. FOr 







lice fopmvtiov 



PITIENT 

D\TE 



( MO /KG /D ) 

IN VIVO FE-*® STUDIES 

1 J J* 








2 J s 

2/15/53 



109 


Mjeloul met'ipla'in 

3 "M B 

2/8/54 



0 17 


Ivormal 


4 F T 

9/25/52 



0 25 


Splenectomy 

5 T -W 

5/14/53 



0 51 


Jvormal 


6 F "W 

4/22/53 



0 n 


High liver uptaket 





0 14 




7 R Jr 

2/25/53 



0 25 


Iligli liver uptaket 

S R G 

5/0/52 



0 59 


Persistent spleen curve 

9TB 

1/26/54 



0 19 


Persistent 'spleen curve 

10 B P 

4/3/52 



0 30 


Aormai 


11 A F 

7/1/54 



139 


Seeondarj '’pleen curve 

12 L P 

11/10/52 



0 57 


(Not done) 

13 T A * 









•be* studies not earned out 

tLl^t>r uptake F W 2 77 mg Fe per gram of tissue RMS mg Fe per gram of tis 
sue measured from ll\er biopsies 


A<iJihy Studies —'Wheii the late of deciease of transfused cells was pie 
dominautlj lineai, the Imeai segment of the data was fitted to a stiaight line by 
tlie least squaics method Tlie led cell lifespan and the ma\iinum concentra¬ 
tion of inagglutinable cells weic obtained bv extiapolation (see Figs 1 and 2) 
In the 10 patients in this gioup the led cell lifespan ^a^led fiom 98 to 13G dajs 
The othei 3 patients, A F (Fig 3), L F (Fig 4), and T A (Fig 5), 
sliowed an exponential late of disappeaiancc of donor cells (Table III) The 
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theoicticiil \alues ^^ele calculated accoidmg to Sheets and associates/ assuming 
a random destiuetion at a constant latc plus normal aging 

0 693 t 

N = N„ [l - y] e 

wheie N — Concentiation of donoi cells at time t after transfusion, No = 
Coiicentiatioii of donoi cells at f = 0, T = Time after tiansfusion when all 
the donoi's cells uould ha\e been lost senescence, and t = Time after trans 
fusion ulien N is half the numbei of cells uhich uould ha^e been present if 
loss Mere due only to senescence 

Tliat the exponential disappeaiance slionn b> these 3 patients can be 
explained as a combination of random destiuetion and normal aging is shown 
1)1 the close agiecment of the obsci\cd \alues Mith those calculated from this 
equation * 

Table III 




i 

RED CEU LnC^P\N 

(Dt\S) 

RATE OP 
BED CFLIi 
FORVA 
TION (IN 
j % RE 
NFWAL/ 
DAY FROM 
, PE»a STUD 

P VTIEVT 

SEX 

I DISEASr 


ri4 

1 J-Bo*! 


1 J J 
(Figs 1, 9) 


Chronic myelogenous 
leukemia (f) and 
tuberculosis 

136 4 

143 

142 


2 J S 
(Figs 1, 0) 

F 

Myeloid metaplasia 

99 2 

115 


07 

3MB 
(Figs 1, 7) 

F 

Chronic mjelogcoous 
leukemia 

132 6 

114 


0 67 

4 F T 
(Figs 1, S) 

M 

Chronic myelogenous 
leukemia 

127 3 

118 

120 

101 

5 T W 
(Figs 1, 16) 

M 

Anemia of undeter 
mined etiology 

104 4 

76 

63 

2 31 

G F W 
(Figs 2, 14) 

AI 

Aplastic anemia, 
hemochromatosis 

107 4 

87 

80 

0 71 

7 B M 
(Figs 2, 15) 

AI 

Diabetes mcllitus, 
hemochromatosis 

114 5 

113 


0 91 

8 B G 
(Figs 2, 12) 

AI 

Giant follicle 
lymphoblastoma 

99 7 

105 

99 

o 

00 

0 TB 
(Figs 2, 10) 

M 

Chronic lymphatic 
leukemia 

98 0 

101 

88 

0 62 

10 B F 

(Figs 2, 13) 

F 

Giant follicle 
lymphoblastoma 

1031 

97 


1 30 

21 A F 
(Figs \ 17) 

M 

Chronic lymphatic 
leukemia 

5 2% daily 
destruction 

32 


57 

12 L F 
(Figs 4, 11) 

13 T A 
(Fig 5) 

F 

M 

Secondary poly 
cj tliemia 

Chronic lymphatic 
leukemia 

1 85% dailj 
destruction 
3 45% dail} 
destruction 

76 

80 

1 51 


One patient (P T ) Mith chronic mjclocjtic leukemia (Pig 1) shoned no 
destruction foi at least 40 dajs This patient had had a splenectomy one yeai 
earliLi and had been gi\en a theiapcutic dose of 4 me of iiitia\enously tMo 
days alter the tiansfusion of Ashby cells reducing the late of production 
of led cells and also the blood \olunie, P®’ probably effected a temporary net 
concentration of donoi cells 
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The variation from a straight iine in the disappearance of transfused cells 
in the early days following the transfusion has been attributed to the differ¬ 
ence between the rate of breakdown of the donor’s and recipient’s red eells.^ 
For this i-easoji, the same donor was used se%'eral times for several recipients. 


T.\ble rv 


! 

DONOR 1 

1 

RECIPIENT 1 

AGING TIME 
(BAYS) 

reo cell life j 

1 (DAYS) 1 

IXITIAL VALUE j 
! (PER cext) j 

1 C.VLCumTED RED 
CELL LIFE DO.S'OP. 

(pays) 

R.W 

T. A. 


R. D. 




T. W. 

70.4 

104.4 

100 

104.4 


M.B 

112.0 

J32.6 

100 

332.0 

T. M. 

F. W. 

82.0 

107.4 

110 

llS.l 


J. J. 

11G.4 

136.4 

120 

103.7 

F.G. 

H. F. 

L. F. 

84.0 

103.1 

B. D. 

92 

04.0 


R. D. = random destruction. 


The results are tabulated in Table IV. The red cell life of the donor cells may 
be calculated in the following way^: 

Red cell life donor == No (k), 

wheie k sjopg (straight segment of Ashby curve) 

For donor R. W. (Table IV) there was no such initial variation. The red 
cell life of the donor then should be the same as that of the recipient, but the 
2 recipients had different red cell lifespans. With the donor T. M. there 
was a different initial destruction i-ate in the two recipients, and the lives 
of the same donor cells calculated on this basis are different. It is possible 
then that the variation from a straight line in the first part of the curve is 
due principally to the fragility of the cells toward transfusion manipulations. 

Evans and co-M’orkei’s-'' state that the deviation from linearity in the last 
part of the Ashby differential agglutination curves can he explained by as¬ 
suming that normal cells “undergo a period of aging” and that “aged cells 
are broken down by a random, first-order ])roeess.” Table IV shows that the 
“aging times” of cells from the same donor vary in different recipients. 


Table V. Cokpabisok or Dur.vtion of Tail Poktiox of Asubv Curve Wirn Cn Curve 


PATIENT 

j ASHBY (DAYS) 1 

C>'> (d.iys) 


1. j.j. 

+ 20 

+ 20 


2. J. S. 

t 23 

± 23 


3. M. B. 

± 20 

± 19 


4. F.T. 

+ 37 

± 43 


6. F.W. 

± 25 

+ 23 


7. E.M. 

± 19 

± 35 


8. R. G. 

± 26 

+ 29 


0. T.B. 

+ 38 

± 37 


10. B. F. 

+ 10 

± IS 

___ 


The tail portion of the curve calculated according to Evans and associates® 
shows an average life of the worn cells ranging between ±19 to ±38 days, in 
agreement with that found by Evans and co-workers (Table V). 
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C‘^ and Labeled Cell Method —Ten of the 12 patients studied showed 
a plateau ot Fe oi specific .ictuitj (Figs 6 10, 12 16) The mean of the 
plateau was consideied as 100 pei cent 

In patients L F and A F (Figs 11 and 17), whose giaphs showed no 
plateaus, the highest \ahic.s wtit consideied as 100 pei cent In these two pa 
tieiits the led cell lifespan as measuied with caiboii^ labeled ghcine lepie 
sents an uppei limit It is quite liKel\ the tiue mean led cell lifespan is shoitei 
The effect ot continual sjnthesis of labeled hemoglobin tiom peisisting labeled 
gheine tends to make the slope of the cui\e ot hemoglobin carbon^ content 
smaller than would oceiu if theie weic not a continual sMithesis It is iclatueh 
easj to show that when the led cell litcspan is finite and noimal this tends 
to o\erestimate the icd cell liiesiian onl^ slighth Mathematical methods foi 
the collection of the obseived caibon'* content of hemoglobin when the pattern 
IS one ot a \er^ shoit led cell lifespan and landom dcstiuetion, ha\c not been 
dcMsed It can onlj be stated that the actual icd cell litespan will be less than 
that calculated fiom the data and, at piesent, ot an unknown magnitude 

The red cell lifespans as deteunmed by and Fe^-^ aie gnen in Table III 
Thej are obtained In taking the time between the ascending and descending 
parts of the ciuvcs at half the distance between the uppci and lowci plateaus 
The descending pait of the eui\e m the C** icsults, which coiiesponds to the 
landom dcstxuctiou of worn cells might be eompaied with the exponential de 
stiuetion of the worn Ashin cells (Table IV) Si\ patients (T W , P "W, T B , 
A F , L F , and T A ) had shoit icd cell lifespans as deteimincd eithei bi the 
Ashby technique oi hs both the Ashb> and methods Of the 10 patients on 
whom in m\o Fe studies weie done (see Table II), 4 had abnoimal spleen 
cui\es In 3 theie was cither a use in the counting late o\ei the spleen fol 
lowed by a fall and then a secondai\ use, oi theie was a use with no fail 
These tjpes of spleen eui\cs ha\c been intcipietcd as indicating prematuic 
destiuction of red cells m the spleen” Because of the laige icutihzation 
of iron, the cuiies obtained using the Fe ® method do not ha\e the shaip fall 
associated with the C” oi studies, and analysis of the lifespan is not as satis 
factory Since it cannot he assumed that any of these patients was in a steadj 
state with regaid to led cell pioduction and destiuction, calculation of the led 
cell lifespan fiom the red cell iron turno\ei is misleading 

Compaiative Study of the Red Cell Lifespan With the Three 2lethods 
—Foi compaiisoii, the Ashbj, C”, and Fe®® results wcic plotted on the same 
giaph The Ashbj data weie collected for daily destiuction in the fol 
lowing mannei If the led cell life is T, at N dajs aftei the beginning of the 
e\peiiment, the plotted inagglutinable cells aie equal to 

_ 100 (T-N) _ 

(% inagglutinable cells at N) T 

When the led cells pioduced in the patient aie iioimal and destroyed only 
thiough seneseense, the icsults should agice m all tliiee methods They agree 
in 9 patients within the limits of ciroi (Table III), and when the late of pio 
duction IS sufficient, the total led cell \olumc will be noimal 

Patient T W (Fig 16) showed a noimal led cell life with the Ashb> 
technique and a finite but shoiteiied led cell life with C” and Fe®® Heie the 
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F‘B- S- Fie. 7. 

Fig. e. —Red cell lifespan curves by the Ashby and 0“ methods for Patient J.S. 

Fiff. 7.—Red cell lifespan curves by the Ashby. C“. and Fe” methods for Patient 3I.B. 




Fig. S. Fig. 9. 

Fig. S —Red cell lifespan curves by the .\shby, C”, and Fe” methods tor Patient F.T. 
Fig. 9 —Red cell lifespan curves by the Ashby, C“, and Fe^’ methods tor Patient J J. 
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Fig 12 Fig 13 

Fig 12 —IleJ cell li/c'^pan cur\es by the Ashby C“, and Pe*’ methods for Patient R O 
Fig 13—Red cell lifespan cur\cs by the Ashb> C‘* and Pe “ methods for Patient RF 



Fig 14 Fig 15 

I'lg 14—Red cell lifcaPan cur\cs by the Ashby C” an 1 iie®" methods foi Patient I? W 
big 15—Red cell llfe^ipan cur\cs by the Ashby C“ and bt* methods for Patient RM 



CMS DAYS 

Fig 16 Fig 17 


Fig 16—Red cell lifespan cu^^es by the Ashby C“ and Fe®* methods for Patient TW 
FJg 17—Red cell lifespan curves by the Ashby and C“ methods for Patient A P 
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quality' of the cells iinist have been deficient, as normal cells survive normally 
in the patient while the patient’s own cells have a finite but shortened life¬ 
span. The rate of production as measured with Fe’® was elevated, indicating 
an increased production of red cells which partially compensated for their 
short lifespan, although the patient was anemic by blood volume standards. 

Patient L. F. (Pig. 11) showed random destruction with a rate of 1.85 
per cent per day (normal, 0.85 per cent) with the Ashby technique and a 
short but apparently finite rod cell life of 76 days for C“ and 80 days for Fe'’®. 
The patient’s cells might have hud a normal red cell life if given to a normal 
subject, but in the patient they undergo a random destruction as shown by the 
Ashby technique. The high plasma iron turnover associated with red cell forma- 
tion indicates an increased production rate that compensates for the increased 
destruction and keeps the total red cell volume at a slightly polycythemic level. 

In Patient F. (Pig. If) the red cell life obtained by the Ashby tech¬ 
nique was normal (107 days) and somewhat longer than the red cell life as 
measured by the two other methods (87 days for C” and 80 daj's for Fe®®). 
Tlie rate of formation of red cells as measured by Pe®® was low, indicating 
a decreased production of red cells which might have been slightly deficient 
in some as yet unknowm manner as eompai'cd to normal red cells. Both these 
factors would explain the anemia of tliis patient, who needed frequent trans¬ 
fusions. 

Patient F. T. (Fig. 8), who had been splenectomized, had a very long red 
cell life by all three methods, and all three methods yielded comparable values. 

Red Cell Lifespan in Disease .— 

Chronic myelorjcnous leukemia: In previous studies it was reported that 
the red cell lifespan was shortened in chronic myelogenous leukemia but tliat 
the lifespan was finite.® ’fwo patients with chroific myelogenous leukemia in 
this study had normal red cell lifespans. In one (P. T.) this was following a 
splenectomy and is in agreement with Ragnar Berlin’s’® observations on the 
lengthening of the red cell lifespan in chronic myelogenous leukemia following 
splenectomy. In the other patient (]M. B.) this was veiy early in the course 
of her disease, presumably within 6 montlis of the onset of leukemia. Further 
obseiwations at a later time would be of interest to detei'mine if and when 
.shortening of red cell lifespan does develop. 

Chronic lymphatic leukemia: In agreement with previous studies, the 
lifespan of the red cell in chronic lymphatic leukemia was found to be either 
normal or very short with a pattern of random destruction.® In patient A. F. 
conversion to a normal red cell lifespan was observed following splenectomy. 

Giant follicle lymplwhlastoma: Both patients with giant follicle lympho¬ 
blastoma (E. G. and R. F.) had a normal red cell lifespan. 

Unfortunately these studies do not differentiate in those patients with 
a short red cell lifespan—either with random destruction or with a shortened 
but finite red cell lifespan—the nature of the defect leading to a decrease in 
the lifespan of the cell. In Patient A. P. the conversion from a short red cell 
lifespan w'ith random destx’uetiou to a normal cell life followdng a spleneetoro} 
strongly suggests the presence of an extrinsic factor arising hi or mediated 
through the spleen.’® In fact, on theoretical grounds, in the absence of hemor- 
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ihage, the pattern of random dtstiuetion is best explained bj some extia 
coipnsculai factoi, and the shortened but finite icd cell lifespan bj some intra 
coipuscular defect These studies aic not conclusnc in this legaid, however 

CONCLUSION^? 

1 Ill 8 patients the led cell lifespan was noinial as dettimined by ghome 
labeled with and by the and Ashb> techniques The results of all 
thiee methods were in good agieement 

2 Tlie Ashby technique is of \aluc iii inteipittiiig the data shown b> 
the G“ and Fe-*® methods 

3 In the 2 cases presumably with hemolysis due to extiacorpiisculai fac 
tois all three methods showed a \ery short cell life 

4 In 2 cases (T W and F W ) the quality of the cells pioduced was 
defecti\e, and the Ashby technique showed a noimal led cell life while the 
and Fe-® methods showed a shortei led cell life 

APPENDIX 

Case 1 —J J, a 65 jear old wlute man, was first seen here m September, IOjS \ 

diagnosis of pulmonary tuberculosis wag made in lOol, and tJie patient was treated In 
1 ember, 1952, elevation of the white ccU count and an abnormal differential suggested 
chronic myelogenous leukemia The patient was placed on Myleran in 1954, and the white 
count fell to normal with a normal dilTcrential In December, 1954, a lobectomy was per 
formed because of cavitation in the left upper lobe The patient expired 12 hours after 
surgery Vt autopsy no evidence of myelogenous leukemia could be found 'Whether tins 
should be iicwed as a Icukcmoid response to tuberculosis or whether it represented an ex 
ccllent response to Mylcrau with a conversion of the bone marrow to normal is problematical 
Tho absence of histologic endcncc of Iculicmia m «pleen, hver, and bone marrow made the 
diagnosis difficult 

Case 2 —J S, a 51 year old white woman, was first seen in February, I9ii2 She 
gave a history of an onset of arthritis m 1949 In September, 19o0, the patient was told 
a blood count showed leukemia In 1951 the spleen became palpable Physical examination 
disclosed a tlun, fairly developed woman, with deforming rheumatoid arthritis of the el 
bows, wn&ts, fmgeis, knees, and anlles The blood count showed BBC 3 53 million, hemo 
globm 7 8 Gm , platelets 400,000, and WBC 140,000, with a differential compatible with 
that of myelogenous leukemia Iron studies showed an cxccssixe iron turnover, only part of 
which could be attributed to excessive turnover through the red cells The serial spleen site 
counting rate curve indicated a primary path through tlie spleen, with a subnormal ri'je in 
the marrow site counting rate, suggesting splenic extramedullary ery throgenesis Tho de 
clme in the counting rate over the spleen simultaneously with the ascending radioactivity in 
the red cells is believed to be confirmatory of splenic erythropoieais As a result of liver, 
spleen, and bone marrow biopsies and the radioiron studies, a diagnosis of myeloid metaplasia 
was made The patient has been treated tliroughout with cortisone 

CvsE 3-—SI B, a 38 year old white woman, was first seen hero in February, 1954, with 
chronic myelogenous leukemia of approximately 4 months' duration At the time these studies 
Wore carried out, the liver and spleen were not palpable The blood count was 4 63 million, 
with 14 6 Gm of hemoglobin, platelets 530,000, and white count 81,500, with a differential 
compatible with that of chrome myelogenous leukemia This is the first patient with chrome 
myelogenous leukemia studied in this laboratory to have i normal red cell lifespan in the 
presence of a spleen (see Case 4 F T, for results in splenectomy) It is probable that this 
Woman was studied so early m the course of the di<;ease that alteration in the lifespan of the 
rvd cell was not yet evident 

Case 4—-P T, a 36yearoId white zn*in, was first «eeii here in ilay, 1952, with chrome 
myelogenous leukemia of one year’s duration \ splenectomy had been done in 1951, fol 
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lowed by x-ray therapy. At the time he was first scea here the blood count was 3.5S million; 
hemoglobin 8.5 Gm.; platelets 1,880,000, and \V.B.C. 331,000. 

C.tSE 5.~T. W., a G7-year-old white man, was first seen here in January, 1953, with 
the principal complaint of weahness and fatigue for the preceding IS months. He was re¬ 
ferred here with a diagnosis of anemia of unknown etiology, xlt the time of his first visit 
the blood count showed E.B.C. 3.94 million; hemoglobin 11.8 Gm.; and W.B.C. 5,200 with a 
normal differential. The blood volume determination allowed 22 ml. per kilogram of red 
cells and a plasma volume of 39.1 ml. per kilogram. This was a moderate anemia, but 
despite extensive investigation the cause has not yet been established. 

Case 0.—^F. lY., a 74-year-old white man, was seen at this laboratory in March, 1953, 
with a history of anemia. A diagnosis of carcinoma of the prostate was made following 
a transurethral resection in 1952. Following surger3', the patient was found to be anemic 
and did not respond to therapy. Radioactive iron studies showed that this anemia was due 
to a failure in red cell production. This man rcijuired frequent transfusions to maintain 
the blood count at approximately 2.5 to 3.5 million, with fi.S to 9.3 Gm. of hemoglobin. 
The white cell count was never remarkable. Biopsy of the bone marrow showed hypoplasia. 
The liver biopsj' showed hemosiderin pigmentation characteristic of hemochromatosis, prob¬ 
ably secondarj' to multiple transfusions. 

Case 7.—E. M., a 45-3’car-old white man, was first seen hero in October, 1952, rrith 
a diagnosis of hemochromatosis and diabetes. xVt the time these studies were done, the 
patient had the following blood count; E.B.C. 4.92 million; hemoglobin 13.8 Gm.; and 
W.B.C. 6,200, with a differential showing 39 per cent segmented and 2 per cent nonseg 
meuted cells, 2 per cent eosinoiihils, 51 per cent h’lnphocytos, and 5 per cent monocytes. 
In vivo iron studios showed a greater than normal amount of iron disappearing from the 
plasma to liver. xV sample of liver tissue contained S mg. of iron per gram of liver tissue. 
Urinalysis showed 3+ sugar. Pigmentation was found on the backs of the arms, legs, 
periumbilical area, and the axilla. The liver was hard and easily felt almost 2 cm. above 
the umbilicus. The spleen was not palpable. 

Case 8. — R. G., a 52-year-old white man, was first seen in October, 1949. The patient 
had noticed right cervical lymphadenopathy in 1944, and a biopS3’ revealed giant feUicle 
lymphoblastoma. He was treated with x-radiation to the right inguinal and right axillary 
regions at approximately 0- to 12-month intervals. The last x-ray therapy before being seen 
hero was given a mouth previously. Oii jdiysical examination it was noted that there "ere 
% to 1 cm. nodes in both axillae and in the right inguinal region. No cervic.al nodes were 
palpable. The liver was palpable to the level of the iliac crest. The blood count showed 
E.B.C. 3.61 million; hemoglobin 11 Gm.; and W.B.C. 7,500, with a normal differential. Tlie 
red cell lifespan studies were started in Ma3’, 1952. At this time tliere was only one node 
palpable, in the right posterior cervical triangle. The liver and spleen were not palpable. 
The blood count then showed E.B.C. 4.09 million; hemoglobin 11.3 Gm.; and W.B.C. 6,150, 
with 45 per cent lymphocytes. 

Case 9.—T. B., a 66-year-old white man, was first seen here in June, 1952, with a luiown 
clironie lymphatic leukemia of 10 years’ duration. At the time these studies wore done the 
spleen was palpable 2 cm. below the costal margin, the liver edge was palpable about 1 to 
2 cm. on deep inspiration, and there was one large (2 to 3 cm.) node in the right axilla 
with smaller l3-mph nodes palpable in the left axilla and inguinal regions. The blood count 
done at this time showed; E.B.C, 3,82 million; hemoglobin 12.8 Gm.; platelets 140,000; and 
W.B.C. 97,000, with 99 per cent l3'mphoeyte8 and 1 per cent pol3'morphouuclear loukoeytes. 

Case 10.—E. F,, a 2G-yoar-old white woman, was first seen here in March, 1952, at 
which time the patient gave a history of a mass in tlie left breast of approximately one 
month’s duration. On biopsy, this was found to be a giant foUicle lymphoblastoma. There 
was also a broad tender mass in the upper abdomen which biops3'- showed to be a giant 
follicle IvTuphoblastoma, ’fhe spleen was enlarged. The blood count at this time was as 
follows: E.B.C. 0.94 million; hemoglobin 11.7 Gm.; and W.B.C. 10,800, with 49 per cent 
lymphocytes. 

Case 11.—A. P., a 53-3-ear-old white man, had chronic lymphatic leukemia of 2 years 
duration. Because of the fact that he had had several episodes of chills and fever winch 
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responded to antibiotic tlicr ipj and because of tho f let tliat he had a 1 irgo paljiablc spleen 
nith a relatively normal white cell count at tho tune of his tiist visit here m the -spring of 
1954, a biopsj of the -sploon was done, as well as a sternal marrow biopsj The spleen 
tissue showed small, grinulomatous lesions, tliu etiologv ot which is still unknown despite 
extensive serologic and bactcriologic investigations i splenectomy was done, following 
which a normal red cell lifespan was observed, as nieasurcil with C*-* 

C\SE 12—L F, a 47 jtar old woman, was leferred to us in October, 1952, witli a 
diignosis of pulmonary fibrosis and secondarj policytjitini i Tlie 2 >aticnt had a history of 
shortness of breith for 10 years, and the pulmonary fibrosis waj, discovered during an episode 
of influenza in 1949 Vn elev itcd red blood cell count had been found 2 months befoie 
her first visit here, and a 500 ml phlebotomy lud been performed The patient reported 
a 30 pound weight loss in the preceding 3 years On physical evamination, rtdne-'S of the face 
hinds, and mucous mcmbi ines was noted Deereiscd resonance of the right middle lobe of 
the lungs w is noted, with increased usonance elsewhere There was an increased heart 
rate, and tho blood pressure was 170/120 R^VR * The spleen and liver woie not palpapic The 
initial blood count was RBC 71G, liemoglobm 19 0 Gin , and WBC 15,500, with a noimil 
differential count Blood oxygen saturation was 75 per ctnt The turnover of iron for red 
col! production was increased 

CvSE 13—T A, a 53 year old white man, had thronic lymplutic leukemia He was 
first '■ecn here m J>ovember, 1940 Onset of the disease occurred m the summer of 1949, 
wiien enl irgomtnt of the lymph node* was observtd Bioji-sv showed lyonphoid hypcrplisn 
suggestive of leukemia His first blood count here showed RBC 3 78 million, hemoglobin 
IJ Gin , platelets 200,000, and \\ BC 12,100, with i normal dilTeientiil A bone marrow 
punctuie done at that time showed 402 pei ttiit to be of the lymphocytic series Tlie studies 
of red cell life were done m 1952 when tho patient had a led count of 3 million and 
i differential wliito count vniymg from 44 to 72 pti cent lymphocytes The spleen was 
iiilarged to the umbilicus 'iho liver was not pilpablc From 1949 to this time tho patient 
liad received therapy witli xriy and 
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STUDIES OP PLATELET SURVIVAL BY TAGGING IN VIVO WITH 

Edward Adelsok, Captain, MO, USA, Jack J. Rheingold, M.D., and 
William H. Crosby, Lieutenant Colonel, MC, USA, 
Washington, D, 0. 


INTRODUCTION 


W ITH isotopic techniques it has become possible to study the survival of 
normal platelets in normal subjects. Two basic methods have been used 
for platelet tagging; in one the platelets are tagged in vitro by incubation 
with the isotope; and in the other the isotope is injected into the subject whose 
platelets are then tagged in vivo. With the in vitro method, considerable in¬ 
cubation, manipulation, and washing of the platelets are involved and their 
survival has usually been short, sometimes only a few hours.Where the 
in vivo method of tagging has been employed, the survival in general has been 
longer.^* ® However, in all but a few®* * of the reported experiments, the 
platelets have been separated and washed at least one time before transfusion. 
There is considerable evidence that sedimenting of platelets by centrifugation 
may lead to damage which may result in shortened sundval. 

Leeksma and Cohen®*have reported a method of tagging platelets in 
vivo which avoids platelet manipulation and transfusion. The platelets are 
tagged by an intramuscular injection of diisopropjdfluorophosphonate contain¬ 
ing P®® (DPP®®). Several objections to this method may be raised. First, the 
DPP®® may form a depot in the recipient animal, and tagging may continue 
over a period of several days rather tlian for several hours, as is assumed. This 
would give a falsely long survival. Second, this method when applied to white 
blood cells gives a survival of only a few houi’s, whereas with most other tech¬ 
niques the white cells survive for many days or weeks. This suggests the pos¬ 
sibility of elution of the absorbed DPP®®. Third, there is no proof that the 
absorbed DPP®® does not alter the platelets and therefore alter their survival. 

We have developed a technique of tagging platelets in vivo and trans¬ 
fusing them with a minimum of manipulation and no incnhation, centrifu¬ 
gation, or washing. Since a transfusion is involved, this method can be used 
to study the suiwival of isogenous platelets only; it cannot be applied to the 
survival of autogenous platelets. However, it has the advantage that the P®* 
is actually part of the platelet structure rather than adsorbed onto the platelet 
surface or taken up by djniamic metabolic interchange with the plasma phos¬ 
phates. 

METHODS 


In brief, the method involves the injeetion of a donor with waiting an appropriate 
time wliile a population of radioactive platelets is produced, and then transfusing the donor’s 
whole blood into a recipient. After tiie transfusion, samples of platelets are isolated from 
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the recipient’s blood and their radioacthity is measured. This is repeated at appropriate 
intervals. The diminishing level of radioactivity in, the isolated platelets reflects the dis 
appearance of the transfused platelets. 

In. the animal \7oik, normal dogs ■weighing approximately 12 Kg. were used as 
platelet donors and platelet recipients. The donor animals received 1 me. of P32 intra¬ 
venously. In the human work, patients 'with polycythemia vera nere the donors and norinal 
lolunteers nera the recipients. The human donors received 3 to 5 me. of P32 intravenously. 
One week after the P 32 injection, blood was drawn into plastic bags •with, disodium 
ethylenediaminctetraacetate (EDTA) as the anticoagulant. The volume taken was 500 ml 
from the humans and 300 ml. from the dogs In the animal work, the recipient dog was 
prepared by a phlebotomy of 300 tnl. This was immediately followed by transfusion with 
the radioactive blood. At no time in either the human or animal experiments did the 
interval between the drawing of the radioactive blood and its transfusion exceed 30 minutes 

Platelet survival was determined by drawing samples of blood from, the recipients at 
various intervals A twosjringe technique was used, all glassware was siliconized, and 
EDTA was used as the anticoagulant. The platelets were separated by differential centn- 
fugation, and the number of platelets was counted by phase microscopy.n The platelets were 
washed repeatedly and were plated onto an aluminum planchet. The radioactivity was 
counted by means of a tlun-window Geiger tube. To overcome the problem of physical decay 
of P32j all radioactive samples from each experiment were counted at the same time. 

Platelet-free plasma was obtained from samples of whole blood drawn by the two- 
sjringe technique with oxalate as the anticoagulant. The blood was centrifuged at 3,000 
rpm. for 2 hours, and a volume of the supernatant plasma was plated onto a planchet and 
counted in the same manner as the platelets. 



t —^The Incorporation of injected P” Into the circulating platelets of a patient with poly¬ 
cythemia vera (Subject A) 

RESULTS AND DISCUSSION 

Immediately after the injeetion of the radioactivity of the plasma is 
high (Fig 1), but it rapidly falls to a low level and thereafter gradually dis¬ 
appears During this disappearance the radioactivity of the platelets climbs 
lo a level which is many times that of the ambient plasma, then gradually sub¬ 
sides At this peak of activity the platelets ate harvested 

The activity which appears in the platelets separated from the fiist sample 
(drawn 30 minutes after injeetion) may represent adsoibed onto the surface 
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of tlie platelet, ilost of tlie injected P®- probably enters tlie pliospliorus pool 
of the body, and megakaryocytes draw upon this material for tlie pliospliorus 
that is used in the formation of new platelets. The appearance of new platelets 
containing P^- in their stroma probably accounts for the rising platelet activity 
during the first 7 days, in the face of a falling plasma activity. The ideal time 
for phlebotomy appears to be 7 daj^s after the injection, since the platelet activity 
at that time is at its highest point and plasma activity is low, 

A second example of plasma and platelet radioactivity in a human poly¬ 
cythemic subject after injection of P^-’ is shown in Fig. 2. Here the ideal time 
for phlebotomy would have been the sixth day. 



Fig. 3. Fie. 3. 

Fig. 2.—^The incorporation of injected into the circulating platelets of a patient with 
polycythemia vera (Subject B). 

Fig. 3.—The survival of transfused radioactive platelets in recipient Dog 1. 


Pig. 3 shows the typical survival of radioactive platelets in a normal dog 
recipient. The curve of decay appears to be exponential, ndth a half-life of 
about 3 days. It reached the 10 per cent level on the seventh day. On the 
day of the transfusion the 30-minute sample showed much less activity than 
the 3-hour sample. This rise iu platelet x-adioaetivitj’- during the first hour post 
transfusion was a regular occurrence. It may have been due to transient 
sequestration of the transfused platelets. An alternative explanation is that 
P^- from the donor’s plasma was transferred to the i*eeipient’s platelets. 

To test this possibility, a dog was given intravenously 1 me. of P^'. One 
week later the animal was phlebotomized. Platelet-free plasma was obtained 
from the blood and transfused into a recipient dog. Thereafter no significant 
radioactivity could be demonstrated on the recipient’s platelets, which indicated 
that there Avas no significant transfer of P®" from transfused plasma to the 
recipient’s platelets. 
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It seems moie likelj, theiefoie, that the iise in platelet radioaetuity aftei 
the 30 minute sample vas because of tlie appeaiance of platelets vineli had been 
biiefly sequestiated following then tiansfusion 

To pio've that the ciu\cs ve obtain aie tiulj a measuic of platelet sui 
vi\al and not due to aitetact oi to P* leutilization, an expeiiment uas caiiied 
out in which iiomiable platelets weie tiaiisfused A donoi animal leccned 




TIME N OATS 

5—The sur\Ival of transfused radioactive platelets In recipient Dog 2 

1 me of j week later was phlebotomized Howe\ei, instead of caiijiiig 

out the phlebotomj with plastic bags and EDTA as the anticoagulant, loutme 
blood hank equipment was used (glass laeuuin bottles with ACD solution) 
The blood was kept at 4® C foi 24 horns, then tiansfused It is well kno^vn 
that such tieatment lesults in nomiablc platelets 'Whcii platelet actnit> in 
this lecipient was measuied, only the sample drawn 30 minutes aftei trans¬ 
fusion showed significant activitj Appaiently some platelets sur\i\ed foi 
tliese few minutes, but by the fifth hour post transfusion these platelets had 
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disappeared. In Fig. 4, there is a comparison of platelet survival in this dog 
with platelet survival in Dog 1 shown in Fig 3. 

Fig. 5 shows the survival of radioactive platelets in a second dog trans¬ 
fused with blood obtained by phlebotomy into a plastic bag. Platelet seques¬ 
tration was even more marked and lasted longer in this animal than in Dog 1 
(Fig. 3). In Dog 2, the peak in platelet activity did not occur until the end of 
day 1. The curve again appears to be exponential, this time with a day 
half-life and reaching the 10 per cent level on day 6. Some platelet activity 
was still present on day 11. It is unlikely that the radioactivity in platelets 
which persists so long after the transfusion could be due to adsorption of P^- 
from the plasma, because plasma activity in the recipient approaches back¬ 
ground levels by the second or third posttransfusion day. An alternative ex¬ 
planation is that the residual activity is due to reutilization of phosphorus from 
platelets, red cells, and plasma. However, this source of phosphorus is so small 
in comparison with the total body phosphorus pool that the explanation seems 
unlikely. Furthermore, if reutilization were a significant problem, it would 
have evidenced itself in the dog that received nonviable platelets (Fig. 4). "VVe 
believe tills residual activity is because of a few transfused platelets that actually 
suridve a long time. Perhaps these are the very youngest platelets in the trans¬ 
fused blood. 




Fig. 6.—The survival of transfused radioactive platelets in recipient Dos 3. 

Fig. 7.—The survival of transfused radioactive platelets in a normal human recipient 
(Patient 1). 

The survival of radioactive platelets in a third dog is shown in Fig. 6. 
Here again there is evidence of sequestration, followed by an apparently ex¬ 
ponential curve of decay. The half-life was short, 114 days, and the 10 per 
cent level was reached on day 6. 

Fig. 7 shows the typical survival of radioactive platelets in a normal 
htnnan recipient. The amount of platelet seque.stration that occurred after 
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the transfusioE is striking. The curve of decay in the human subject also 
appeal’s to be exponential. The half-life was 2 days, and the 10 per cent level 
was reached on day 7. 



PLATELET RADIOACTIVITY P’* 



TIME (MiNuresi 

Fi&. 9 The sequestration of platelets during artificial hypothermia Radioacti>e platelets 
T\ere transfused into the recipient doff before his temperature ^\a3 lowered 


Fig. 8 shows a second example of platelet survival in a normal human. 
Again there is an exponential cui’ve. The half-life was days, and the 10 
per cent level is reached on day 14. The sequestration was even more marked 
than in the dogs. We belive this to be the first time that platelet sequestration 
has been demonstrated. 
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Using the technique of tagging platelets with we have demonstrated 
a second example of platelet sequestration. In dogs undergoing deep hj^po- 
thermia, we found nearly complete disappearance of platelets as the animals 
were cooled to 20° C., and a reappearance of platelets when they were re¬ 
warmed.'- We transfused radioactive platelets into a dog which was then 
exposed to hypothermia (Pig. 9). The animars platelet eoiurt dropped nearly 
to zero. On rewarming, the platelet count returned to normal. The radio¬ 
activity in samples of platelets obtained lieforc and after chilling was nearly 
the same. The platelets which appeared after hypothermic thrombocjdopenia 
were the same platelets which were in the blood before the dog was chilled. 
During deep hypothermia, platelets are sequestered. 


SUMMARY 

A new method of tagging platelets in vivo with is presented. It is 
accomplished by injecting P'- into a donor, waiting until his platelet population 
contains a significant concentration of intrinsically labeled platelets and then 
transfusing his whole blood into a compatible recipient. The method has the 
advantage of requiring only minimal manipulation of the platelets. The ciuve 
of decay representing platelet destimction appears to be exponential both in 
humans and in dogs. The half-life is IVa to 3 days, and the 10 per cent level 
of survival is reached in 6 to 14 days. Both in Inrmans and in dogs there is 
evidence of a transient sequestration of platelets in the early posttransfiision 
period. A second example of platelet secpiestration has been demonstrated by 
applying this technique of platelet tagging to the study of thrombocytopenia 
in hypothennic dogs. 
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THE PERSISTENCE IN THE BLOOD OP THE RADIOACTIVE 
LABEL OP ALBUMINS, GMIXLV GLOBULINS, AND GLOBULINS 
OP INTERMEDIATE MOBILITY 

VI The Uptvke Plots ot Imo Sebum Pkotein Pbactions During the 
First 21 Hours After Orvl Admimstb ^tion of Luieled Methionine 

AND CiSTEINE 

Du ID Bronsky, MD , Robert J Free irk, M D , Suiuel U\m\n, MD , vnd 
S Howard Armstrong, Jr , 31 D 
CiiicvGO, III 

W HEN oui studiLs' ’ o£ die away plots (lepiestnting the metabolic degiada 
tion of S’" autosjiithesi?ed piolcm fiaclioiis) did not peimit sure metabolic 
01 clinical inteipiotation, oui attention was dnected to uptake plots (lepie 
seiitiiig the incoipoiation of S’- into plasma protein fi actions duimg the flist 
24 houis aftei oial administiation) as a possible nieaiis of cstiinatiiig synthesis 
lates lYliile iico fioiii the uiiiiicasuiable complication ot isotope reiitiliration 
oncouiitcied in die away plots, and uhilc less tedious in e\ecution, uptake 
plots neveitheless liaie all the pitlalls ot toleiance tests 

It is the pill pose of this iiapei (1) to icpoit oui pitlmiiiiaiy findings on 
the uptake ot S’- into certain seinm piotcin tiactions duiiiig the fiist 24 hours 
after oral adniinistiatioii of labeled inttliioniiic and cjsteim, and (2) to sialuato 
these findings in the light of clinical vaiiables otlici than synthesis lates which 
may detoiminc the fouii of an uptake plot, in oidci to see whetliei oi not such 
vaiiables (which aio often haid to control) aie sufficiently important to wai 
lant iiioniisc for such plots in the clinical investigation of plasma protein 
metabolism 

METHODS 

Subjects —The i2 subject5> studied fall into 4 diagnostic citegories (Table I) These 
categories iicre chosen to cut across the possible clinicil correlations tor an uptake test 

The subjects ivith proved pancreatic disease represent deficietieies lu dietary protein 
hidroljsis of vir^ing seientj a!» indicated by a range of scrum albumin leiels from 0 7 
Gm/100 cc (Patient T N ) to 3 4 Gm/lOO cc ( Vu J) The abUitj to absorb the Iisi 
label from oral albumin theiefore, aUo lueisured on each patient in this group, as 

specified below and reported in Table I 

The patients m the second diagnostic categoij of Table I represent small bowel mal 
absorption of ranging fiom the luowu (postoperative short bond s^ndronn with 
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stricture) to the unknown (regional ileitis and idiopathic iioutropical sprue). Here also a 
range in serum albunxin levels (0.8 Gm./lOO e.c., Patient W. S. to 2.7 Gm./lOO c.c., Patient 
J. S.) indicates varying severity of this defect. 

All patients in the first two diagnostic categories exhibited steatorrhea. 

iiie third category, which bears in Table I the heading “hypo- or dysproteineniias,^ 
includes the following cases. 

1. Patient T. C. was deficient chiefly in the albumin fraction. This invited compari¬ 
son with the findings of Kinsell and co-workeras ia their patient with diagnosis idiopathic 
“hypoproteineinia.’' A previously published^ die-away plot following I.V. albumin Ii3i 
for this patient yielded a shortened apparent turnover time for albumins comparable to 
the figure recently published for this diagnosis by Schwartz and Thomsen in Denmark,s as 
well as a depressed total exchangeable albumin pool.* 

2. Patient A. R. exhibited deficiency chiefly in the gamma globulin fraction.t His 
idiopathically low level did not, however, approach the complete agammaglobulinemia of 
the patient we have previously reported in whom we could demonstrate no uptake what¬ 
soever in the gamma position.s 


Table I* 




M-iVXIMUM 


MAXIMUM S35 UPTAKEf 

DIAGNOSTIC 

GROUPS 

PATIENT 

ALBUMIN 1*31 
UPTAKE 
(% DOSE) 

TOTAL 

PROTEIN 

ALBU¬ 

MINS 

INTEE- 

MEDLtTE 

GLOBULINS 

gamma 

GLOBULINS 


T. N. 

1.5 

9,600 



■nmimB 

Pancreatic 

Al. J 

4.0t 

3,200 

1.310 

B]! 1 

BwkII^B 

disease 

Au. J. 

4.0 

3,500 

1,350 

i i 

^BSii^B 


M. L. 

6.5 

3,400 


Bj!! 



V, H. 

4.5 

3,600 

1,280 

1,750 



L. D. 

18.0 

5,500 


IBQiQIIBI 


Small intestinal 

W. S. (1)} 

« •• 

5,600 


Bi^ ^^B 

BC^!^B 

malabsorption 

(2) 

9.0 

5,100 

1,800 

Bjen ^^B 



J.S. 

12.0 

3,500 


Ew bH 

^BjTBB 


T. C. (albumins) 11 

11.2 

9,200 

6,500 

3,300 


Hypo* or dyspro* A. R, 
teinemias (y globulins) 


3,260 

1,048 

1,928 

584 


J. P. 

(7 globulins) Ti 


1,968 

1,156 

1,090 

270 

Nutritionally 

normal 

J. M.} 

15.1 

5,950 

2,600 

2,200 

750 


‘The diagnoses and paper electrophoretic albumin and globulin levels for 8 of the patients 
in Table I are given in Table I of the preceding paper in this series.* (Also, in Fig. 1 of this 
reference, die-away plots are presented for albumins and gamma globulins of 5 of these 
patients.) 

In addition, Patient V. H. presented chronic calciflc pancreatitis (autopsy). His serum 
protein levels were: total protein G.O. albumin 2.8, and globulin 3.2 Gm./lOO c.c. Patient J. S. 
presented regional ileitis (surgery). His serum protein levels were: total protein 6.0, albumin 
2.7, and globulin, 2.3 Gm./lOO c.c. 

tThis uptake (corrected counts per minute) is corrected to a standard 0.5 me. oral dosage 
and i.s proportional to the true specific radioactivity in terms of mc./Gm. 

tPostpancreatectomy study. Preoperative albumin uptake was 15.0 per cent. 

§At initial labeling,* electrophoretic partition showed total protein 3.0, albumin 0.8, and 
gamma globulins 1.2 Gm./lOO c.c. During remission, repeat labeling,' showed total protein 5.6. 
albumin 2.2. and gamma globulin 1.2 Gm./lOO c.c. 

IlLabeled with S“ cysteine 0.5 me. All others received S“ methionine 0.5 me. 
ilThis patient with multiple myeloma had, in addition, an "M” protein of 5.3 Gm./lOO 
C.C., with a maximum S“ uptake of 342 c.p.m. 


3. In Patient J. P. the deficiency was also chiefly in the gamma fraction, but was ac¬ 
companied by a large fraction of slightly faster mobility characteristic of multiple myeloma. 

‘Reference 4 discusses the role of noncooperation with diabetic management in the etiM- 
ogy of tills ■ However, continuous ward observation for a “ 

nearly two . . ■ ts at supplementation, has led us to the belief that tnerc 

is a further 

tJudged by absence of isohemagglutinins and by history of multiple bacterial infections, 
this patient approached the state of ‘‘immunologic paralysis" although he demonstrated cucane- 
ous sensitivity to tuberculin. 
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1 111 ill^ tliero 18 incluiled one met ibolic ill> normal subject (I M) whose dicauay 
plots tolloutd both the oral S^s ind lJ>c iiitr i\ ciious Iisi fractious i\e ha\c ulreadj pub 
lished i» 

of Labels and Supplements, hadioactinty Measurements —Two subjects 
(T C and J il) rt-ccivtd oral S^** cjstcint., 0 50 mt All others reccned oral S^u methio 
nine, 0 50 me Supplemental protein hydroljsatcs were gi\cu orally, m 2 3 Gm doses at the 
time of labeling Piolongcd supplement itioii wa-i not given Sera were drann at 1, 2 , 
■1,8, ind 24 hour intervals ilethods of traction itioii, extraction, nitasurLinent of com 
pouent concentrations and radioactivity liaio been described previously No significant 
diffcicnccs were observed between radioactivity meusurements on specimens before and 
utter dialj sis 

Radioactivity uptakes were plotted on regular gTajih pai>er as corrected counts per 
minuto igainst time in hours By the corrtctiona used these values are proportional to 
the specific radioactivities of the frictions m <iuestiou (m terms of counts per minute per 
gram protein) and are corrected to a standard oral radioactivity dosage of 0 50 me 

A mavimum of 20,0(10 eounts per lumute in the “total protein’ column of Table I 
would be achieved if lOU per cent ot the oral dosage were present m a plasma volume of 
iohO cc at the tune ot the uptake plot maximum Individual pi isma volume measure 
merits were not earned out in this study 

I ho albuimu abaorbtiou test was performed as described by Preeark, Kozoll, and 

Meyers Normal maximal absoiption with this procedure is 14 per cent (range, 10 to 22 per 
eentj oi the given dose 



Fur 1 —’Tlie Incorporation of S“ methionine (500 acl Into unfractionated serum proteins 
during the first 24 hours after oral administration The Initials of specific patients are Indi¬ 
cated on individual plots between hours 2 and 4 the total protein ranges between hours C and 
8 above the abscissa 
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RESULTS 

Uptake of hy Unfmetionated Serum Proteins .—The incorporation of S®® 
into the total scrum protein reaches a niaximum eight hours after oral admin¬ 
istration. Fig. 1 illustrates this by the complete plots for 9 of the 13 studies 
whose maxima are given in Table I. Not infrequently a maximum level is 
reached at 4 hours. KinselP obtained similar results wdth intravenous 
metliionine. 

Inspection of the left side of Fig. 1 indicates a lack of correlation between 
the initial steepness of plot and the type of digestive disturbance. The plots 
of greatest (T. N.) and least (V. IL) steepness both correspond to a common 
pathogenesis, pancreatic disease. The next steepest (W. S., 1) and the next 
flattest (J. S.) correspond to syndromes in which local absorptive problems 
might be expected to influence a tolerance test. 



FiS. 2—The mcorporhtion of methionine (500 /ic) into the serum albumins durine the 
first 24 hours after oral administration Patients and serum albumin concentrations ranfee 
are indicated essentially as m Fig. 1. 


Inspection of Fig. 1 and Table I, shows that the maxima of the uptake 
Idiots may be inversely correlated with the level of serum total proteins. Tlie 
highest maximum occurred in T. N., w'hose total protein was 4.0 Gm./lOO e.e. 
In patient T. C. (not shown in Fig. 1), with a total protein of 3.7 Gm./lOO c.c., 


CORRECTED COUNTS X I0‘®/M1NUTE 
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a comparably high maxiiuum is seen. L. D. shows a similar though somewhat 
lower nia.\inium. Kiusell s demonstration’ of an elevated uptake of S“ into 
the total plasma protein of a patient with idiopathic hj*poproteinemia is thus 
extended to hj'poproteinemia of another etiology. 

However, this correlation does not always hold even in this small series. 
Patient AV. S. was studied t'W'iee. In the first study, his total protein was 3.0 
Gm./lOO C.C., ^\hile in the second stud}’, during a period of remission, his total 
protein had risen to 5.5 Gm. per cent after intensive nutritional therapy on the 
ward. The 8 hour uptake maximum, however, was alike in both studios. 

Vptake of S^* into Scrum Albumins .—The highest maxima occurred hi up¬ 
take plots of patients \rith the greatest depressions of the serum albumin level 
(e.g., Patient T. N. in Fig. 2 with an albumin level of 0.7 Gm./100 c.e.) In 
Patient T, C. (not illustrated), trith an albumin level of 1.3 Gun/lOO c.c., an 
uptake three times as great as this was achieved after oral S” cysteme. Again, 
Patient AV. S., in duplicate studies, presented similar uptakes, although his 
albumin level had risen from 0.9 to 2.3 Gm./lOO c.c. For patients trith lesser 
degree of hypoalbuminemia, the corresponding differences in degree of uptake 
were less siguificaut. As with the total senmi proteins, there thus appeal's a 
rough iuvei'se proportionality of uptake maximum to the level of serum albu¬ 
min. (Fig. 2 presents eomplete plots for 9 of the studies whose ma.xima arc 
given in Table I.) 



Fts. 3_The incorporation of S-* methionine (500 ;ic) into the camma globulins during 
tlie first 24 hours after oral administration Xote. in contrast to Figs. 1 and 2. that the 
order of niauma of the plots shoi^s no correlation with order of gamma elobulm concentra- 
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Uptake fiom Oial Alhumtn —^Thc results of this procedure are 
gi\cn 111 Table I All the patients with chronic pancreatic disease showed dif¬ 
ficulty m absorbing an albumin test meal Patient L D, with idiopathic 
sprue, IS of especial interest since she not only did not show any difficulty in 
absorbing the label from oial albumin but also little difficulty in ammo 
acid uptake The same is time foi Patient J S (icgioual ileitis). 



Fiff 5 —^Incorporation of oral S” methionine Into the serum protein fractions of a 
patient (J S } with regional lleltis and steatorrhea Note that while gamma and alpha 
beta maxima are similar to rig 4 the albumin maximum represents less than one half the 
Fig 4 value 


DISCUSSION 

Given a standaid dosage, the form of an oral toloiance plot is clearly a func 
tion of rates of absorption as influenced by both gastiointestinal motility and 
local conditions Our oral uptake plots foi total proteins resemble those pub 
lished by Knrsell and co workers following intravenous administration of S” 
methionine The resemblance suggests such rapid intestinal absoiption that 
oial labeled ammo acids probably do not hold as promising a future role in 
clinical elucidation of absorption defects as do the 1“^ labeled lipids ° 

Pmthei groups of vaiiables which influence the form of the plot include 
(a) rates of equilibration with extravoscular body compartment, (b) rates 
of excretion by the kidney, and (c) rates of metabolic turnover Such a range 
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of imconti’olled variation makes it amazing that tolerance tests have been capa¬ 
ble of any useful clinical correlation. When an isotopic label is used a fur¬ 
ther vai-iable is emphasized: namely, the circulating pool size of the unlabeled 
component to which the newly introduced label is added. 

Thus given hypothetically identical dosages, absorptions, and rates of 
incorporation into serum albumin, if the liver delivers the same amount of 
albumin into identical plasma volumes of 2 subjects, one with an albumin level 
of 3 Gm./lOO ml., the other with a level of 1 Gm./lOO ml., the specific radioac¬ 
tivities, and thus probably tlie plot maxima, will be one third as high for the 
first subject as for the second. This problem in more complex form is clearly 
recognized by Gould and co-workers'- as a limitation in clinical estimation of 
the rate of cholesterol synthesis from uptake plot maxima follo'wing C" ad¬ 
ministration. These authors i^roposed correction i>rocedures Avhich might give 
their tolerance test ‘'value as a clinical laboi-atory test.” Kinsell used such 
a correction in interpreting the twice normal uptake nraxima in his patient 
with idiopathic hypoproteinemia and concluded that the defect is ‘‘hyper¬ 
catabolism not compensated by hyperanabolism.” If we apply correction fac¬ 
tors based on individual serum electrophoretic levels to the maxima of Table I, 
the resultant maxima should be, to a first approximation, independent of pool 
size, and thus a rough measure of the synthesis rate of the component in 
question. 

TiVBLE II 


Eyi)0-alhu7ninemias 


T. N. 

0.7 

1.6 

420 

1,720 

_Depressed albumins synthesis and ac¬ 
celerated gamma globulin synthesis 
related to pancreatic disease and 
hepatic disease 

W. S.(l) 
W. S.(2) 

0.8 

2.2 

0.9 

0.9 

190 

- _ 1,030 

900 

550 

_Depressed albumin synthesis related to 

_ malnutrition of clironic small bowel 

disease, restored toward normal by 
dietary therapy 

T. C. 

1.3 

0.7 

2,200 

810 

_Accelerated albumin synthesis in the 

face of clironic hypoproteinemia re¬ 
sistant to dietary tlierapy, pointing 
to a hypercatabolie albumin utiliza¬ 
tion without comparable gamma 
globulin abnormality 


Eypogamtnaglohulinetnias 

A. E. 1.2 0.3* - - 1,1-10 110 _ _ Depressed gamma globulins synthesis 

in the face of normal albumin syn¬ 
thesis 


LEVELS 

(Oil./lOO c.c.) 


I 

ALBU- 

GLOBU- 


PATIENT 

MINS 

LINS 

OTHER 


CORRECTED 

RjVDIoactivity maxima 
ALBU- GLOBO- 

MISS LINS OTHER S0GGESTED INTERPRETATION 


J. F. 2.1 0.55 5.31 632 115 1,3951 Depressed gamma globulins synthesis in 

the face of an elevated synthesis of 
the abnormal "M” protein; prob- 
able depression of albumin synthesis 

♦This value was obtained at time of uptake study. Subsequent serial observations hare 
yielded a range between 0.1 and 0.4 Gm./lOO c.c. 

t“AI’' protein, intermediate in mobility between gamma and beta globulins, 
tion factor used was based on the normal circulating gamma globulins pool. If the circuiati fe 
albumins pool is used for the correction factor, the correct maximum becomes 470 counts per 
minute. 
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The louglmess of the first appioMmation is indicated by the fact that the 
collection factois neglect unmeasuied vaiiability in plasma \olume and in 
lenal and fecal losses of the labeled amino acid as well as losses of the labeled 
piotein component to extraA aseulai corapaitments * 

Table H (left side) piesents the icsults of such collection to the albunun 
and gamma uptake maxima fox the 5 x>aticiits of Table I foi Yhich collection 
factois aie gieatest t These 5 patients include 3 hypoalbuuuiiemias and 2 
hypogammaglobulinemias 

It x\ill be seen, foi the formci, that a deficient lex el has been foiuid asso 
ciated x\ith uptake maxima both cxcecdmglj low and quite high Suggested 
interpietations (Table II, light side) indicate oui belief m the possibility of 
thus difteieiitiating a hypercatabolie fiom a deficient level due to othei causes 
jMaxima foi the liypogammaglobulmemias have been exceedingly low It 
IS tempting to inteipiet the low gamma globiihii uptake in patient J F (mye 
loma) as an incapacity of the plasma cell mass to put out noimal gamma globu 
lins in the face of synthesis of “M” piotem In favor of this is the high “M” 
piotein uptake and the noimal albumin uptake (Table II, bottom line) 

Wo lecognizc that the maxima of these uptake plots may not leflect 
capacity of a given organ system foi synthesis of a given piotein component 
Foi avidity in anothei oigaii system, lather that incapacity in the one, may 
so influence the distribution of labeled ammo acid as to make estimates of 
defects ui synthesis capacity undetectable 

SUMMARY 

Because of oui failuie to achiexc leliable metabolic and clinical interpro 
tations of the die away plots of autosynthesizcd plasma protein fiactions foi 
lowing oial amino acid admimstiation, oui attention has turned to the up 
take plots of ladioactivity diumg the fiist 24 hours after feeding the label 
Such plots aie subject to the multiple vaiiables and inteipietive intfalls of 
tolerance tests, and aie discussed in these terms 

Plots are lepoited foi a small pilot gioup of twehe subjects divided be 
tween foui diagnostic categoiies The subjects x\eie chosen (a) to represent 
samples of the clinical spectra of hypoalbuminemia and hypogammaglobulin 
emia, (b) to include a lange of hj poalbumuiemias on the basis of chiomc pan 
cieatic deficiency, as xxcll as the “idiojiatliic’* and small intestinal malabsoip 
tion tjpe, and (c) to include subjects with noimal seium concentiations of 
gamma globulins in the pieseiicc of albumin deficiency, and vice versa 

No significant dialjzable ladioactixity appealed in the blood stieam after 
the Dial S®'’ ammo acids This suggests aery lapid incoipoiation of absorbed 
dosage into seium pioteins and/oi scgiegation intiaccllulailj Nondialyzable 
serum ladioactivity appealed xvithm an houi 

•The latter losses are probably sufllclently «!niall as compared to the differences in uptake 
maxima as to warrant neglect of the complex mathematical treatment” at this stage of our 
work. 

tThe correction factors b> which the Table I maxima are multiplied represent the 
ratios of the obserted electrophoretic concentration to the normal serum concentration of that 
component 



586 


BROICSKY, FEEEARK, HYJiLA.K, AND ARilSTRONG J. Ub. & Ciln. Med. 

October, 1957 

Based on standardized label dosage, specific radioactivity maxima were 
acliieved in about eight hours and were, in all instances, higher for albumins 
than for corresponding serum gamma globulins. 

While it proved possible to distinguish pancreatic hjT)oalbuminemias from 
both small intestinal malabsorption and from a normal subject on the basis 
of absoi’bed radioactivity from the oral intact protein albumin no such 
differentiatioir could be accomplished by the initial slopes (representing rapid¬ 
ity of absorption) of the S“ amino acid uptake plots. 

When uncorrected for the circulating pool of unlabeled protein component 
to which the newly synthesized protein is added, albumins uptake maxima, 
in general, appeared inversely proportional to the degree of hypoalbuminemia. 

While reflected in the uptake maxima for unfractionated serum protehis, 
such an inverse relationship did not appear applicable for gamma globulins. 

When maxima for the albu 2 nins and gamma globulins were subjected to 
an arbitrarily estimated correction for unlabeled circulating pools (a) the 
maxima for hypogammaglobulinemias were strikingly depressed as compared 
to the maxima for those subjects with a normal serum concentration of this 
electrophoretic component, while; (b) the instances of hypoalbuminemia in¬ 
cluded maxima both strikingly loAver and considerably higher than those for 
subjects with more normal serum albumin concenti’ations. 

It is suggested that these maxima may bear a rough relation to the rates 
of synthesis of the component in question, and that the spread of albumins 
maxima suggests the possibility of clinically distinguishing “hyiDereatabol- 
ism" from other mechanisms. 

While it is recognized that uptake plot maxima can never be a measure 
of maximum synthesizing capacity of an organ system, and merely represent a 
vei-y rough approximation to the resultant of many simultaneous processes, 
nevertheless, these findings seem sufficiently encouraging to warrant further 
clinical exploration in a larger series of defects in the metabolism of plasma 
proteins. 

We are indebted to Warden Fred Hertwig of the Cook County Hospital and to the 
Hrs. Leonard H. and Louis D. Weissmaii, Medical Research Foundation, for the provision of 
basic facilities for protein research at the Hektoen Institute. 

We are grateful to iXiss G. Robey for technical assistance and to Miss J. Peters of the 
Neurological Service at Cook County Hospital for metabolic nursing assistance. 
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THE EFFECT OF L-NOREPINEPHRINE ON URINE COMPOSITION 
AND ACID-BASE EQUILIBRIUil IN ilAN 

^YILLOUGHBY Lathem, jM.D.,^ Paul A. Marks, M.D.,«'* Betty S. Roof, M.D.,''®* 

AND Stanley E. Bradley, jM.D. 

New York, N. Y. 

T he adrenal medullary hormones, 1-epineplirine and 1-norepinephrine, elicit 
acute alterations in renal function when administered in physiologic dosage 
to normal man. Both induce intrarenal vasoconstriction and a reduction in 
renal blood flow, a sustained or increased urine volume, and an augmented tubu¬ 
lar reabsorption of sodium and potassium.^'^ The effect on urine flow has been 
attributed, at least in part, to suppression of the secretion of the antidiuretie 
hormone of the posterior pituitary.'*' ^ The factors contributing to the accelerated 
tubular electrolyte transport are not clear. This action of the medullary hor- 
moixes appears to be independent of their pressor activity and also of secondary 
adrenal cortical secretion and renal neurogenic activity.^ The electrolyte re¬ 
taining effect of these substances has not, however, been demonstrated inde¬ 
pendently of the accompanying mtrarenal circulatory adjustments'* nor has the 
change in tubidar activity been separated from the systemic metabolic altera¬ 
tions elicited by these hormones. 

These alterations in sodmm and potassiiun output have been reported to 
occur in association with other changes in ui’ine composition. Chloride excre¬ 
tion has been found to diminislP and ixrinary pH to increase.^ However, a sys¬ 
tematic study of the effects of the medidlary hormones on urinary acid-base 
exci’etion lias not been made. Alterations in plasma acid-base balance, consisting 
of an earlj^, transient respiratory alkalosis"’ ® and a later and more prolonged 
metabolic acidosis,®'*" are elicited by these agents, but the relationship between 
these adjustments and the changes in urine composition is not known. 

These considerations lead to the present investigation which was under¬ 
taken in order to determine the effects of 1-norepinephrine on urinary acid-base 
excretion and to study the relationship between the changes in lu-ine and plasma 
composition. 
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ilETIIOD 

Tho elfects of 1 norepuicphrinc on unnir>' and plasma acid base composition i\ere deter¬ 
mined in 12 nom.il human subjects. The effects of ephedrme sulfate wore obsened m three 
additional subjects Tho subjects ^arled m age from 21 to 58 jears aud \iere free from 
apparent cardiovascular or renal disease. Bach was iiiaiiitained on a regular hospital diet 
containing appro\imately 10 Gin sodium chloride daily 

All studies were nnde in the morning after an o\ermght fast and after the subject had 
ingested 500 ml of water. Urine was collected undei mineral oil through a multi ejed urethral 
catheter At the mid point of each period enough urine was collected for the determination 
of pH and CO. content At the end of each period the bladder was irrigated with distilled 
water aud emptied as completeh as possible by manual compression Blood was withdrawn 
anaerobically at appropriate iiitor\als from a brachial artery (10 subjects) into oiled hep¬ 
arinized syringes. In 5 subjects (D. H, E. P, E C, J. S, and M G.) samples of blood 
wero taken from an anteculntal >cm following immersion of the forearm m water at 47° C 
for 10 minutes. Blood was centrifuged immediately and the plasma was stored an a re 
fngerator until analysis could be made, winch was usually within 4 hours 

Glomerular filtration rate was measured as the mulin clearance n The pH of plasma 
and urino were determined anaerobically' at room temperature with a Cambridge glass electrode 
pH meter Plasma pH was corrected to body teiuperatuto \i<«\ng a factor of 0 01 pH umt per 
degreo centngrade '2 Urine pH was not corrected to body tempcratuie i* Urine and plasma 
wero analyzed for total CO, content by the method of Van Slyke aud Neill Bicarbonate 
and carbonic acid conceutratious were calculated from the Henderbon Hasselbacli equation 
using a value of Q 1 for piva'. Carbon dioxide tension was calculated from the carbonic acid 
content, using a ^aluo of 0 dOl and 0 0309 for a in plasma and unne, respoctivcly.i^ Urinary 
titratablo acid was determmtd with aii extciiial glass electrode, titrating to the pH of plasma 
witli 0 01 N NaOH The aamionia content of untie was determined by a modification of tho 
method of Van Sljkc aud Cullen The urine of two subjects (S G and E T.) was analyzed 
for organic acids by the method of Van Slyke .and Palmer '6 However, a correction for creat 
inmo was not made Unue and plasma were analyzed for chloride by the method of Schales 
aud Schales^?, for sodium and potassium iii an internal standard dame pliotonieter, and for 
inorganic phospiiate by the mttliod of Fiskc and Subbarow is 

Following the determination of control values during 2 or 3 successive 10 to 20 minuto 
intervals, 1 noropiiicphnne (8 Mk' per ml- 5 per Cent dextrose m water) or ephedrme sulfate 
(2 fig per ml) was administered intravenously at a rate sufficient to maintain systolic blood 
pressure, determined sphygmonianomctnc illy, at least 25 to 50 mm Hg above control values 
Tlio amount of drug employed vaiied from 1 to 30 Mg per minute of 1 norepinephrine and 
from 0 5 to 6 0 mg. per minute of ephednne. Blood pressure was allowed to stabilize from 
10 to 20 minutes aud unue collected during this interval was di'si.arded. Two or three clearance 
periods, 10 to 20 minutes in length, were then obtained during infusion of the pressor agent 
Ono or two “recovery” periods were obtained after the drug was discoiitmuod in all subjects 
but D. C and D T. Blood pressure and pulse rate were recorded every one to two minutes 
during and following infusion of the pressor agent. 

Tlio response to 1 norepinephrine was examined in 6 subjects wlio were in normal acid 
baso balance and iii 3 who had been given 6 to 12 Gm of ammonium chloiidc oially over an 
8 to 12 hour period on tlic day prior to the study'. Ammonium chloride was not given within 
a minimum of 4 hours, and usually not witlim 3 hours of the beginning of the experiment 
Three additional subgoets received an infusion of 2 25 per cent sodium bicarbonate at a 
rate (4 ml per minute) sufficient to increase progressively the CO, content of plasma through 
out tho study'. Two of these subjects (F. G and E F.) had received ammonium chloride the 
day previously The response to ephedrme was studied in three subjects, two of whom (E C 
and J S ) had received ammonium chloride 

KFSULTS 

Response to lrNo)cpinepktinc .—^Tlie changes in acid-baso composition of 
mine and plasma induced by 1-noiepinephrine aie picsentcd in Table I. Plasma 
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Table I. The Effect of L Nobepinepheixe on 


SUBJECT 
SEX S.A. 

AGE 

PBOCEEURE 

1 B.P. 

I (niM,/ 

‘ Rg) 

P.R. 

1 PLASHA 

xa 

(niEq./ 
L.) i 

E 

(niEq./ 

h.) 

cl i 
(niEq./ 1 
L.) 1 

PO, 

(mM./ 

b-) 

HCOs ! 

(mM./ 1 
L.) 1 

pco, 

(mM./ 

Hg) 

pH 

(units) 

B.W. 

Control 

120/70 

52 

135 

3.8 

108 

0.89 

25.6 

39.5 

7.44 

M 36 1.96 

Infusion 

159/81 

50 

135 

3.6 

106 

0.72 

24.2 

37.5 

7.44 


Eecovery* 

124/70 

70 

137 

__ 

108 

0.69 

24,2 

36.2 

7.45 

D.H. 

Control 

98/58 

80 

136 

3.7 

109 

0.77 

24.8 

43.2 

7.38 

F 26 1.74 

Infusion 

144/88 

54 

129 

3.8 

106 

0.72 

23.8 

41.5 

7.39 


Eecovery 

96/50 

66 

129 

35 

105 

0.75 

24.3 

41.9 

7.38 

M.G. 

Control 

110/60 

76 

134 

3.6 

no 


25.5 

35.9 

7.49 

F 21 1.60 

Infusion 

146/88 

60 

136 

3.5 

106 


23.8 

33.2 

7.49 


Eecovery 

106/68 

72 

135 

3.5 

110 

— 

25.4 

34.2 

7.48 

S.G. 

Control 

109/70 

77 

137 

4.8 

109 

1.00 

22.8 

35.6 

7.43 

M 40 1.62 

Infusion 

170/100 

60 

134 

4.7 

107 

0.80 

21.5 

32.2 

7.44 


Eecovery 

110/68 

71 

134 

4.6 

103 

0.80 

22.4 

33.6 

7.44 

O.G. 

Control 

98/68 

72 

142 

4.1 

108 

1.16 

26.3 

39.9 

7.44 

M 31 1.68 

Infusion 

136/80 

64 

141 

3.9 

106 

1.09 

25.6 

39.2 

7.43 


Eecovery* 

90/60 

72 

139 

4.1 

106 

1.07 

26.1 

39.5 

7.43 

D.C. 

Control 

100/70 

SO 

131 

4.2 

104 

1.07 

25.2 

41.9 

7.44 

M 49 1.68 

Infusion 

141/92 

72 

133 

4.2 

106 

1.11 

24.2 

39.9 

7.41 

AX. 

Control 

107/68 

54 

132 

4.2 

105 

0.90 

25.6 

45.2 

7.37 

M 37 1.88 

Infusion 

168/90 

48 

132 

4.2 

107 

1.00 

25.1 

44.2 

7.37 


Eecovery 

112/70 

54 

134 

4.0 

105 

1.00 

25.0 

43.5 

7.37 

E.T. 

Control 

120/72 

90 

133 

4.3 

105 

0 83 

215 

38.2 

7.35 

M 37 1.79 

Infusion 

172/90 

66 

133 

4.2 

105 

0.87 

19.3 

41.5 

7.28 


Eecovery 

120/70 

82 

133 

4.1 

109 

0.85 

21.0 

38.2 

7.36 

A.M. 

Control 

120/78 

96 

131 

3.9 

112 

0.87 

17.9 

34 2 

7.34 

F 42 1.66 

Infusion 

164/90 

78 

129 

4.1 

110 

0.93 

17.1 

32.2 

7.32 


Eecovery 

106/76 

118 

131 

4.1 

112 

0.83 

17.9 

34.6 

7.32 


Key to abbreviations: S.A. = body surface area (JI=}: PR. =r pulse rate; V = urine flow 
(ml/min): GPR = glomerular filtration rate, Inulm clearance (ml/mm ) ; TA, = titratable acm 
(mEq /mm ) , A. C., E. T., and A. SI. had received ammonium chloride on the day prior to the 
study. 

*AI1 values are a\erages of two or more determinations except in an 

asterisk L-norepinephrine was administered during the "infusion” pei to 

produce the desired elevation of arterial pressure, which was measured „ Inc 

values of various urinary constituents represent excretory rates except for pH and pCOi. 


bicarbonate content decreased slightly, carbon dioxide tension fell, and the acid¬ 
ity of plasma was unchanged. The reduction in bicarbonate concentration var¬ 
ied from 0.7 to 1.7 meq. per liter, averaged 1.1 meq. per litei’, and was highly 
significant (p < 0.01). During recovery all values returned promptly toward 
control levels. The plasma concentrations of sodium, potassium, cliloride, and 
phosphate did not change. 

The urinary excretion of sodium and potassium diminished during 1-norepi- 
nephrine infusion in 4 of 6 subjects. This reduction in cation excretion was ac¬ 
companied largely by a diminished excretion of chloride, and in D. H. and M. G. 
by a reduction in bicarbonate output as well. Titratable acid, inorganic phos¬ 
phate, and ammonium excretion and urinary pH showed no consistent change. 
In some instances (D. H., S. G., A. C., and D. C.) bicarbonate output appeared to 
vary with changes in urine flow rather than witli changes in sodium and potas- 
siiun output. This correlation has been noted by others.^=- “ Organic acid excre¬ 
tion, not presented in the table, did not change in the two subjects (S. G. and 
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VCID BvsE EQUILlBnUM AND UpINE COMPOSITION* 


QFR 1 
(ML/ I 
MIN ) 1 


V 

(ML/ ; 
MIN ) ! 

pH 

(units) 

1 1 

1 C/iEq/ I 
1 MIN ) 1 

K 

( Mm / 1 
uiv) 1 

cl 

(MEq/ 

MIN ) 

I PO4 1 
(mm/ I 

1 MIV) 1 

HCO, 
(/tM/ 
MIN ) 

1 pcoa 

1 ^mir/ 1 
Bg) ! 

T V 

( Mm / 

MIS ) 1 

NU, 
C/iEq/ 
MIN ) 

114 

10 4 

5 61 

1015 

43 3 

0 

83 

56 

56 0 

25 3 

38 9 

114 

10 2 

5 08 

86 8 

37 4 

0 

61 

17 

55 5 

33 9 

413 

101 

77 

5 29 

05 8 

24 3 

0 

60 

20 

515 

22 5 

321 

123 

97 

6 72 

137 7 

72 7 

77 9 

69 

451 

35 8 

50 

14 8 

95 

53 

6 60 

90 3 

30 2 

64 0 

61 

18 5 

35 8 

65 

24 3 

112 

30 

6 23 

52 9 

17 7 

419 

78 

64 

35 2 

84 

IS 3 

153 

65 

6 59 

271 8 

70 3 

200 0 


219 

34 2 

89 

32 9 

116 

66 

5 82 

2Q6 0 

55 4 

103 9 

_ 

41 

38 2 

14 9 

34 7 

127 

74 

5 68 

245 8 

60 0 

1415 

~ 

34 

36 9 

19 0 

36 8 

104 

4 7 

6 75 

75 4 

49 4 

717 

37 

187 

30 8 


135 

150 

70 

6 82 

84 7 

54 6 

88 8 

16 

32 0 

28 4 

_ 

10 3 

108 

42 

617 

2 S 7 

38 3 

40 3 

12 

61 

49 9 

— 

112 

77 

59 

6 35 

68 3 

65 9 

108 0 

78 

111 

34 3 

63 

19 9 

107 

71 

6 18 

79 9 

33 3 

118 0 

10 0 

90 

34 7 

86 

22 1 

71 

31 

6 08 

821 

53 7 

128 0 

13 2 

30 

44 7 

83 

101 

124 

31 

6 68 

145 0 

38 8 

126 0 

86 

23 4 

63 4 

67 

13 9 

139 

70 

6 48 

134 0 

37 7 

110 0 

14 3 

26 6 

54 9 

17 7 

17 4 

136 

44 

5 35 

205 2 

79 2 

301 7 

57 

12 

43 9 

17 5 

45 0 

133 

92 

5 55 

144 6 

68 7 

207 7 

114 

47 

56 7 

22 5 

44 0 

131 

68 

5 61 

148 9 

55 0 

204 8 

12 5 

1 8 

44 3 

14 0 

46 0 

140 

72 

5 79 

262 8 

69 3 

353 3 

0 

59 

49 0 


45 7 

120 

79 

5 82 

76 0 

40 9 

136 5 

0 

61 

47 5 


45 3 

178 

34 

5 41 

137 2 

44 0 

207 9 

16 

20 

36 4 

— 

20 3 

140 

110 

5 29 

193 0 

412 

250 0 

14 3 

23 

43 4 

22 9 

32 8 

61 

10 2 

5 13 

124 8 

36 9 

165 9 

171 

15 

42 3 

26 2 

315 

118 

39 

517 

913 

20 2 

1309 

10 9 

05 

35 5 

166 

251 


E T ) lu wliom it was measured Gross deficits of either cation or anion output 
uere not encountered The anion deficit apparent in subject B W was the 
result of the presence of Diodrast which was administered as part of another 
study Subject G also had received Diodrast 

In two subjects (S G and 0 G ) urinarj electiolyte excietion, which was 
low in the contiol peiiods, mcieased iii association with a rise in glomerulai 
filtiation late This response was luilikc that usually elicited by the adrenal 
medullaiy hormones Howcier, in tliese subjects electrolyte output mcieased 
less than iiltiation, suggesting an augmented tubular reabsoiption per unit of 
filtiate No consistent alteiation in iiiiiiaiy acid base equilibiium was noted in 
tliese subjects 

The withdiawal of 1 uorepinepluine was usually followed by a reduction 
in mine volume (Tables I and II), which, in most, but not all, instances had been 
sustained or had mcieased during infusion of the drug Sodium, potassium, and 
chloride output tended to return tow aid control levels or continued to fall at 
this time Bicaibonate excretion typically diminished, usually in association 
with the decline in urine flow, and the urine became moie acid Titratable 
acid, ammomum, and phosphate excietion did not change significantly 
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Table II. The Effect op L-Korepixephrixe ox Acid-Base EQUiuBRiuii 


SUBJECT 
SEX S.A. 

.\.GE 

1 PROCEDURE; 

B.P. 

1 (mu./ 

1 Hg) 

P.R. 

1 plasma 

1 1 
1 (ittEq./ 

1 !■•) 1 



i 1 

i (mM./ 1 
1 L.) ! 

HCOj 
i (niM./ 1 
1 L-) 

pCOj I 

(mil./ I 
ng) 

pH 

(units) 


F.G. 

Control 

115/68 

74 

137 

3.9 

113 

1.1 

21.2 

37.5 

7.35 

F 

36 1.59 

Infusion 

154/82 

72 

137 

3.6 

109 

0.8 

23.3 

39.9 

7.37 



Recovery 

130/70 

-- 

137 

3.1 

111 

0.8 

24.2 

43.9 

7.41 


E.P. 

Control 

100/63 

60 

133 

3.9 

110 

1.2 

24.6 

43.5 

7.39 

F 

37 1.62 

Infusion 

152/75 

54 

135 

3.3 

103 

1.1 

24.8 

42.2 

7.41 



Recovery 

90/50 

70 

139 

3.5 

106 

1.0 

27.6 

43.5 

7.43 


J.R. 

Control 

110/70 

78 

138 

3.7 

108 

1.1 

25.3 

41.2 

7.44 

ll 

58 1.69 

Infusion 

152/80 

72 

_ 

3.6 

108 

1.2 

25.6 

44.2 

7.40 



Recovery 

110/60 

— 

141 

— 

110 

O.o 

26.7 

36.9 

7.47 


See Table I lor key to abbreviations. 

♦All values are avergaes ol Uvo or more determinations except for the recovery period. A 
continuous infusion of 2.25 per cent sodium bicarbonate was administered throughout the study. L<“ 
norepinephrine was administered during: the “infusion** period. Subjects F. G. and E. P. had re¬ 
ceived 8 Gm, of ammonium chloride on the day prior to the study. 

Ammonium cliloride was aciniinistered in three subjects in order (1) to m- 
erease titratable acid and ammonuun output to levels at wlucb clianges during 
l-norepineplirme administration would be more easily interpretable and (2) to 
assure an adequate excretion of cation. The dosages employed produced a slight 
reduction in the pH of plasma in two subjects (E. T. and A. M.) but were in¬ 
sufficient to produce excessive altei'ation in urinary composition (Table I). The 
changes induced by l-norepinepbrine under these circumstances closely resem¬ 
bled those observed in subjects who did not receive ammonium chloride (Table 
I). Titratable acid and ammonium output were not affected significantly and 
sodium, potassium, and cliloride output diininislied abruptly. 

In an attempt to separate the alterations in ui’ine composition from the 
changes in plasma acid-hase composition induced by l-norepinephrine an infu¬ 
sion of 2.25 per cent sodium bicarbonate was administered intravenously to three 
subjects at a rate sufficient to prevent the usual fall in plasma bicarbonate con¬ 
tent elicited by 1-norepiuephrine. The results of this study ai’e presented in 
Table 11. Plasma bicarbonate concentration increased progressively throughout 
the studj’’ in each instance. Other’ plasma constituents were not affected signif¬ 
icantly during the administration of sodium bicarbonate except for a tendency 
for the pH to increase and for sodium concentrations to rise and cliloride con¬ 
centrations to fall. The typical changes in urine composition elicited by l-nor¬ 
epinephrine occurred in these subjects. Sodium, potassium, and chloride output 
fell and no consistent change in urinary pH or ammonia or titratable acid 
excretion occurred. 

Response to Eiihedriiie.—-Epliedrine, wliiclr resembles the adrenal medullary 
hormones chemically but which differs in its effects on renal hemodjmamies and 
electrolyte excretion,’* was administered to 3 subjects (Table HI) in ordei to 
evaluate further its effects on renal electrolyte metabolism. 

The bicarbonate content of plasma and pCO^ remained constant in two sub 
jects (D. T. and E. C.) during the pressor response to ephedrine. In the tliiro 
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\ND Urine Composition Dci ino Inflsion of 2 2o Pet Cent Sodilii Bicu’bon vte* 


LI INE 


OFF 
(ML/ 
MIN ) 

V 

(ML/ 
MIN ) 

pil 

(units) 

Na 1 

(mW ! 

MIN ) 

K. 

(MEq/ 

MIN ) 

cl 

(mW 

MIV ) 

PO4 

(m^/ 

MIN ) 

uco, 

(mm/ 

MIV ) 

pco, 
(mil / 

ug) 

TA 

(Mm/ 

MIN ) 

NU* 

(Mm/ 

MIN ) 

118 

3 5 

5 20 

193 0 

113 D 

32d3 

04 

07 

3o8 

165 

_ 

lOi 

51 

6 28 

21 6 

471 

37 8 

41 

7 8 

32 4 

68 


116 

1 0 

5 88 

78 5 

36 7 

64 7 

11 4 

11 

40 1 

6 5 

— 

141 

64 

513 

192 8 

109 0 

313 5 

17 2 

1 1 

42 3 

24 4 

45 4 

94 

3 5 

6 59 

39 5 

52 2 

63 5 

10 2 

117 

33 0 

75 

16 7 

99 

07 

6 43 

53 4 

39 6 

47 0 

14 4 

2 5 

47 6 

54 

89 

lOo 

58 

6 96 

74 8 

110 9 

108 9 

11 4 

53 4 

43 4 

61 

68 

107 

63 

6 66 

3d 6 

7d 6 

43 7 

99 

331 

46 4 

12 2 

71 

100 

49 

6 58 

27 6 

5o 7 

34 5 

81 

19 7 

41 S 

10 6 

75 


subject (J S ) the bicarbonate content of plasma decreased and fell further 
aftei the drug ^\as discontinued The sustained ele^atlon of aiterial pressuie 
at this time m J S and in E C suggests continued pressor and perhaps met 
abolic actiMty of cphedrinc dining the “icco\er>" period The aciditj of 
plasma isas unalteicd dining the infasion of ephcdrine and the plasma con 
centrations of sodium, potassium, chloride, and inorganic phosphate remained 
constant The changes in plasma composition thus lescmhled those elicited b^ 
the adrenal medullary hoimones, hut ucie less consistent an obseriation ^>hich 
might lia\o been predicted from pic\ious obscnations of the effects of this agent 
on lentilatioii’® “ and on caibolndrate metabolism ” Urinarj sodium and chlo 
lido output incieased m tuo subjects (D T and E C ) m association i\itli an 
inclement in glomerular filtiation latc and diminished in the thud studj in 
association Mith a fall in filtration Sodium output increased moie than filtra 
tion in subjects D T and E C, suggesting diminished tubular reabsorption per 
unit of filtrate Tlie sodium inulin clearance latio did not change in J S Po 
tassium output fell piogressnch in all thicc studies These results aie in sub 
stantial agreement Mitli prc\ious observations* of the effects of cphedrinc on 
clcetiolytc cxcietioii except that changes in filtration were more prominent in 
the present studj \o consistent effect was noted on urmarj aciditv and CO2 
content 01 on titratahlc acid ammonium or inorganic phosphate excretion 

DISCUSSION 

L cpiiieiihiine incieases transientlv the depth and rate of respiration when 
administeied in phvsiologic amounts to man and induces a mild respiratorj 
alkalosis ® Later, lactic acid accumulates in extracellulai fluid secondarj to 
accelciated glveogcnohsis* in muscle, and cxtiacellulai bicarbonate content re 
mams reduced despite apparent conectioii of tlie respirator} alkalosis* L 
noiepmeplirme induces similar but somewhat less pronounced changes,^ 
although alterations in plasma lactic acid content are not a prominent feature 


•The plasma concentration of other organic adds may also increase secondary to mus 
cular actUit} during over\entnation * *• However in the present study urinarj orgranic 
acid excretion did not change 
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Table 111. The Effect of Efhedrine Sblfate 


SUBJECT 
SE-V S.A. 

AGE 

PKOCEDUKE 

B.P. 

(msr./ 

Hg) 

P,R. 

PL.VSMA 


(mEq./ 

L.) 

Mam 

PO, 

(tnn./ 

L.) 

HCOs 

(mil./ 

L.) 


PH 

(units) 

E.C. 

Control 

116/78 

76 

135 


WESM 

0.9 

25.1 

3S.5 

7.44 

E 48 1.49 

Infusion 

169/90 

74 

135 



0.7 

24.8 

34.6 

7.45 


Recovery 

160/82 

72 

137 

3.2 

mm 

0.8 

24.8 

38.9 

7.44 

J.S, 

Control 

120/86 

68 

131 

4.3 

105 

1.0 

24.1 

41.5 

7.39 

P 21 1.90 

Infusion 

169/88 

85 

135 

4,2 

104 

0.8 

23.4 

40.5 

7.37 


Recovery 

153/89 

88 

135 

3.7 

102 

O.S 

22.1 

3S.3 

7.38 

D.T. 

Control 

124/70 

70 

142 


107 

0.7 

26,2 

36.5 

7.48 

U 40 1.69 

Infusion 

156/70 

80 

143 


108 

0.7 

26.9 

36.5 

7.4S 


See Table I for key to abbreviations. 

*A11 values are the averages of two or more determinations. Ephedrine was administered in¬ 
travenously during the "infusion" period. Subjects E. C. and J. S. Iiad received S Gm. of am¬ 
monium chloride on the day prior to tlie study. 

of the later phase of acid-base adjvvstnients.-^ Explanation, of the reduction in 
bicarbonate content at this time is not clear. Adjnstment to this later and more 
prolonged displacement of acid-base balance is apparently made almost entirely 
by changes in Tentilation. In the present study the calculated carbon dioxide 
tension of plasma usually fell and renal mechanisms for compensation were not 
apparent. Although tubular reabsorption of sodium and potassium increased 
at this time, as has been noted previously,^"’ these changes in tubular activity 
appeared to be independent of the accompanying systemic metabolic alterations. 

The tubular response to 1-norepinephrine was unmodified when, as a result of 
an infusion of sodium bicarbonate, plasma bicarbonate content increased rather 
than diminished and the plasma became more alicaline. Moreover, tubular ex¬ 
change of hydrogen (as titratable acid) and ammonium ions was not accelerated 
dui'ing the infusion of norepinephrine, and sodium and potassiitra returned to 
the circidation largely as chloride salts, a transfer which, if prolonged, would 
have tended to perpetuate rather than alleviate the accompanying reduction in 
plasma bicarbonate content. However, in some subjects biearbonate-obligated 
cation was reabsorbed in increased amounts as well, and displacement of acid- 
base equilibrium was thereby minimized. This may account in part for the ab¬ 
sence of disturbances of acid-base balance in clinical circumstances, such as pheo- 
chroraoejdoma, in which prolonged or excessive adrenal medullary hormonal 
activity might be expected, although other coi-rective adjustments may also occur 
which limit not only this disturbance but the retention of electrolytes as well.’ 

The factors which determine the relative rates of cHoride and bicarbonate 
reabsorption are obscure. The availability of anion did not appear to condition 
tubular activity, although in subjects who had received ammoniimi chloride the 
relative abundance of chloride in tubular urine, from which practically all bi¬ 
carbonate-obligated cation was extracted, resulted in the reabsorption of cation 
almost entirely as chloride salts. In part, the reabsorption of bicarbonate- 
obligated cation appeared to be independent of the action of 1-norepinephrine. 

In many instances changes in the excretion of bicarbonate paralleled changes 
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ov Acid Base Equilibrium vnd Urine Composition* 


URINE 


GFR 
(ML/ 
MIN ) 

V 

(ml/ 
MIN ) 

pu 

(units) 

Na 

(tiW 

MIN ) 

K 

(MEq/ 
MIN ) 


ro, 

(m/ 

MIN ) 

HCOj 
ifiU/ 
MIN ) 

pco, 

(niM/ 

Hg) 

TA 

(Mm/ 

MIN ) 

Nil, 

(Mm/ 

liIIN ) 

108 

38 

5 17 

125 6 

70 5 

■Uldl 

17 1 

07 

43 0 

25 5 

27 0 

131 

88 

5 51 

186 4 

52 3 

217 5 

17 4 

31 

44 0 

28 8 

40 9 

129 

68 

5 29 

141 0 

39 8 

163 0 

17 0 

1 3 

39 7 

27 1 

33 3 

113 

35 

4 71 

197 0 

85 9 

300 0 

13 6 

02 

33 4 

31 2 

36 8 

96 

4.3 

4 69 

16S0 

70 0 

184 0 

13 0 

03 

39 0 

27 6 

30 9 

117 

69 

4 95 

148 0 

59 7 

213 7 

16 2 

06 

37 1 

31 8 

35 4 

69 

69 

6 56 

158 8 

61 8 

1441 

88 

26 2 

42 8 

10 0 

181 

76 

78 

G45 

2110 

45 4 

179 1 

10 1 

26 7 

49 9 

117 

20 2 


111 unno \olumc and iieie iiulcpendciit of altciations in sodium and potassium 
output Tins plicnomenoii has been described prcMousb^^ and has been 
attiibuted to iniMiig of tubulai iiimes of \ai\ing pll and buffer content 

The site ivithm the nephron of the acceleiated tubulai transfer of electro 
lyte IS imknoMTi The data obtained in the present study are consistent with 
either pro\inial oi distal tubular icabsoiptiou, or both Howeiei, tubular q\ 
change mechanisms at either site appeared to play little lole, unless leabsorption 
of bicarbonate obligated cation is eonsideicd to occui in large part as a result 
of tubulai cation exchange*® The faiUuc of uimary acidity to change con 
sistcntly may be attiibuted to tlie relatuely constant excretion of titratable acid, 
to the inconstant alteration m bicaibonate output, and to the buffering capacity 
of the urine 

The mechanism of the electiohde ictainmg actinty of the adienal medullaij 
hormones was not claiified by the picsent study This response appears to be 
independent of sjstemic acid base adjustments and, as previous studies have 
demonstrated,^ it is not mediated through secondary hormonal or neural path 
ways Moieoier, the diffeiont urinary electrolyte patterns elicited by ephedrine 
and 1 norepinephrine, as demonstrated in this and previous investigations,* 
suggest that nonspecific pressor activity docs not play a role There remains the 
possibility, not tested in the piescnt study, that local intrarenal circulatory 
adjustments and reduction in renal blood flow to tubular tissue elicit the le 
tention of sodium and potassium chloiidc and bicarbonate or that the adrenal 
medullary hoimones condition this lesponsc directly through alteration of tubu 
lai cellulai metabolism Tliese Mei\s have been considered previously * 

SUMM UlY 

L norepinephrine induced a reduction in plasma bicarbonate content with 
no change in pH uhen admmisteicd intraieiiously to noimal human subjects 
Renal tubular leabsorption of sodium, potassium, and chloiide and of bicarbon 
ate obligated cation inci eased uithout consistent change in inorganic phosphate 
01 ammonium exciction or m urinary pH or titratable acid excietion These 
changes ueie observed in subjects piemedicated with ammonium chloride and 
weic unmodified during an luiusion of sodium bicaibonate which piogicssively 
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USE OP METHYLENE BLUE AS AN INDICATOR FOR ARTERIAL 
DILUTION CURVES IN THE STUDY OP HEART DISEASE 

Iewtn J. Fox, M.D.,* .vxd Eakl H. "Wood, M.D., Ph.D.^® 
Rochester, Mixx. 

M ultiple recordings of indicator-dilution curves following selective in¬ 
jections of dye into various sites in the central circulation have become 
an indispensable part of diagnostic cardiac catheterization procedures per¬ 
formed in this laboratoryd'^ Their greatest usefulness has been in the detection, 
localization, and quantitation of intracardiac shunts in patients with con¬ 
genital cardiac malformations.®’ Recently, dye-dilution curves have also 
fomid application in the diagnosis of acquired heart disease.""® 

Frequently, in order to allow a definitive diagnosis to be made during diag¬ 
nostic right or left heart catheterization, multiple arterial dilution curves are re¬ 
corded foUowing injection of dye into various sites in the heart and great vessels. 
Evans blue dye (T-1824), the indicator connnonly used, has the disadvantage of 
doses exceeding approximately 0.5 mg. per kilogram®® which, in addition to 
causing bluish discoloration of the skin and mucous membranes when given in 
the cosmetic effect limiting the number of curves which may be performed, 
interferes with determination of blood oxygen saturation by oximetry and with 
the clinical evaluation of cyanosis, as for example, after cardiac operations. 

To avoid this bluish discoloration it was decided to reinvestigate the use 
of methylene blue as an indicator in dye-dilution curves, this substance having 
been previously used for this purpose®*’ and found not to produce bluish 
discoloration in this same dosage range. 

Evans blue and methylene blue are both aniline dyes. Evans blue (T- 
1824), a triphenyl methane dye which has a molecular weight of 960.83, has 
been nddely used for blood-volume studies.®®"®® It can be quantitatively deter¬ 
mined in blood spectrophotometrically in accordance with the Lambert-Beer 
law. Methylene blue or tetramethyl-thionine chloride, %vhieh has a molecular 
weight approximately one third as great as that of T-1S24 (373.90), on the 
other hand, cannot easily be accurately qirantitated in this fashion, since it 
exhibits the so-called spectral anomaly in aqueous solution, that is, deviation 
from the Lambert-Beer law, for reasons which are as yet not completely ex¬ 
plained but in which reversible polymerization of the dye molecules is generally 
agreed to play a dominant role.®®"®* 

The Xlayo Foundation. Boohester, Xlinn., is a part of the Graduate School of the Uni¬ 
versity of Minnesota. 

Keceived for publication April 10. 1957. 

•Minnesota Heart Association Fellow in Medicine, Mayo Foundation. 

••Section of Fhysiologj-, Mayo Clinic and Mayo Foundation. 
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Fig 1 compaies the light tiaubmissioii b> aqueous solutions ot both Evans 
blue* and, methylene bluet dyes m equal concentiatioiis of 5 mg pei litei 
This giaph also shows the sensitivity of the led photocell filtei assembl}, the 
actual detecting element of the eaipiccc oi cuvette oMinetei, foi clniiges in the 
amount of o\} hemoglobin and i educed henio^lobm oi loi clnnges in d>c 
conccntiatioii Siime the peak sen‘-itivit^ ot the led photocell filtci assembly 
is at appioNimatclv 640 m/t, it is appaient that methjlene blue is plioto 
metrically siipeiioi to Evans blue as an indicatoi foi detection oj ovimetij 
Ill tins icgaid, it should be lemcmbeicd that m similai concentiatioiis of these 
d}cs theie aie appioximatel^ thicc times as man} molecules of methjlenc blue 
as of Evans blue Using the values foi optical dcnsit} obtained spectiophoto 
metiicall}, the moleeulai c\tnictioii coefficients (Emol) foi atiiicous solutions (5 
mg pel litei) of Evans blue and mcth}lenc blue weie calculated to be 40,000 
and 60,000, lespectivelj, at a wave length of 640 m^ 



Fig 1 —Comparison of light transmission of 
and methylene blue d>es and the relative spectral 
of the oximeter Note that at the peak sensittvt 
blue solution absorbs more light than E\ans blut 
the light of this wave length as compared to 55 


vans blue 
vssenibly 
methylene 
r cent of 
ilue 


ULfHODS 

Dilution patterns ■were recorded siinultancousl} lij earpiece and cuvette oximeterst 
following the sudden single injection of indicator using a technique previously described i 
Successive injections into the same site in the central circulation of equal dosts of both 
methylene blue and Evans blue dyes 3 3 to 211 minutes (ivcrage 5 7) apart were per 
formed lu 12 normal persons and in 28 patients with Jicart disease At times the recording 
of the methylene blue curve preceded that of the T 1821 curve, while at other times the order 
was reversed The dosage of dye ranged from 01 to 0 3 mg per kilogram (mean ^^2 
mg per kilogram) To niininiizo interference in rccoiding of the curves due to fluctuations 
m arterial blood oxygen saturation (reduced hemoglobm absorbs light of the same wave 
length as the dyes), most of the dilution curves were recorded with the normal subjects 


•W amer Chilcott Laboratories New York N T 
tCentral Sclentihc Companj Chicago III 
iManufactured by the Waters Corporation Rochester Minn 
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amounting to only 4.3 per cent (1.4 to 7.0) of their peak deflection. This 
difference in the concentrations of the two dyes in arterial blood was even more 
striknig at a time 30 seconds after the peak concentration, when the methylene 
blue deflection had fallen to only 2.9 per cent (0.9 to 4.8) of peak deflection 
while the deflection produced by Evans blue still comprised 16.0 per cent 
(10.4 to 21.0) of its earlier peak deflection, a value which in the case of Evans 
blue is related to the blood volume of the individuals studied^ (Table I and 
Fig. 3). This difference in concentration in arterial blood of the two dyes 
could indicate the occurrence of one of three possibilities: namely, that 
methylene blue is rapidly and completely reduced in the blood stream to its 
colorless leulto form, that the dye is lost from the blood stream to the tissues 
on its first pa.ssage through the circulation, or that both of these events are 
taking place simultaneously. 


CUVETTE OXIMETER (S.S.) EAR OXIMETER 

Radiol Artery Left Ear 



Pig. 3.—^Arterial dilution curves recorded simultaneously by cuvette and ear oximeters 
following successive injections of Evans blue (solid lines) and methylene blue (dotted 
dyes superimposed to facilitate comparison of their contours. The subject was a healthy 
man, 30 years of age. On the left are shown the curves recorded directly in arterial blood 
and on the right the ear oximeter curves. The Evans blue curves recorded directly in the 
blood and at the ears are similar, showing the usual pattern with a definite systemic recircu¬ 
lation peak and a which is related to the blood volume. 

In the methylene bh iter peak deflections and absent systemic 

recirculation peaks,.. ...the dye to almost zero concentration in 

arterial blood within seconds after injection, while the earpiece curve at this same time still 
shows the presence of a considerable amount of the dye in the ear (see text). 


Evidence that metlijdene blue rapidly passes from blood to tissue was 
obtained from the dilution curves simultaneously recorded at the ears (right 
panel of Pig. 3). ’While the peak deflection of the ear oximeter curves recorded 
after infection of methylene blue again was greater than that after injection 
of T-1824 (mean value 2.1 times as great; range: 1.4 to 2.6), the amount of 
dj'e detected at the ear for the remainder of the methylene blue curve com¬ 
pared much more closely to that for the Evans blue curve than was the case 
directly in arterial blood. Thirty seconds after tlie peak concentration, at a 
time when the methylene blue content detectable directly in arterial blood 
was reduced to only 2.9 per cent of the peak, the methylene blue defleetion 
at the ears still amounted to 17.1 per cent of the peak defleetion as compared 
to 19.1 per cent for T-1824 (Table II). With the Iniowledge obtained from 
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the cuvette oximetci cuives lecoidcd dirccth in aitcrial blood that a lela 
tuel> much smallei amount of melhjlenc blue could be detected in tlie blood 
stieam bj this time, the conclusion that at least a poition of tlic methylene 
blue dve was entenng the tissues (including eai tissue) duiing its fiist ciicula 
tion seemed leasoinble Also suppoiting this view was the finding that in 
methylene blue ciines lecoided in noiinal subjects the svstemic leciiculation 
peak was eithci absent oi maikedh leduccd and also the failuie on seveial 
occasions to detect am itciidilation of mctlnlcne blue dve at the eais or 
ladial arteij following tlie continuous, constant late injection of lelatuch 
laigc doses of this dve (20 mg pci minute) into the descending aoita'’^ 
Both of the lattei findings, howevei, could also be explained bv lapid leduc 
tion of the dv e in blood to its eoloilcss foim 


Tujlb II Dilution Patterns at the Evr op 12 Nopmal Suujects Aiteb Successive 
Injections op Equvl Doses op Evvns Blue wd Metiivlene Blub Into tub 
PLL iioNvnv Vrtery or SuPETioR Vlnv Cvva 


deflection at 


PC (CM ) 


30 seconds 

VI TER I C 


vs PER CENT OP PC 


Evaus blue 

6 1 

12 3 

22 1 

191 

Mctli>knc blue 

12 8 

20 o 

17 8 

17 1 

Mean difference 

67 

32 

43 

20 

Bingo 

-12 to 12 2 

-1 8 to -17 1 

-9 6 to 15 5 

-17 7 to 14 4 


LC = least concentration MItC = maximal recirculation 


Table III Absence of Ev vns Blue vsd Presence oi Methviene Blue in “Bloodless’* 
Evr Tissue in 23 Cases Approximvtelt 25 Minutes After Successive 
Injections of Equvl Doses op These Dies 



1 OPTICVL DENSITV RVTIO (Dfi/Dm) 

DIH-ERtSCE 

1 BEFORE 1 1 4 TO O 0 MINUTES 

[ INJECTION 1 VtTER INJECTION 

Evans blue 

Metlijlene blue i 

1 1 26 ± 0 02* 1 1 26 ± 0 02 

1 125 ± 0 03 1 1 27 ± 0 02 

0 00 ± 0 002 

0 02t ± 0 002 


•The numbers following the ± signs are the stan lard errors of the mean ^alues 
tStatistically significant p value < 0 001 


Dnect eviilenee foi the lapid tkpoiition of incthjleiie blue in tlie tissues 
Mas obtained b^ spectiopliotometiic btiul> ot the light traiisinissioii of “blood 
less” oai tissue Optical deiisits latios (Dk/D,k) of the “bloodless” eai tissue, 
calculated imiiiedi iteh befoie and at a mean time inteual of 2 67 minutes 
(15S to 5 01 minutes) aftei injection of T 1824 into 23 licaltlij subjects and 
patients nitli heart disease, neie not significantly diffeicnt (p <0 9) This 
confiims the pievioiis findings of Coniiollj and AVood,“ nlio also found no 
CMdenee of deposition ot d\e in the pinna of the eai oi nebs of the flngeis 
iiiiiiiediateh aftei injection of T 1824 

Howccei, 2 36 iiimutes (142 to 4 01 minutes) aftei injection of an eipial 
dose of inetlijlene blue dje into the same 23 poisons, the optical deiisitj 
latios of the “bloodless” eai tissue i\eie sigmficanth mcieased oiei leadings 
obtained befoie the nijectioii (p <0 001) (Table III) Tins coiioborates the 
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suggestion fioni the simultaneous cuvette and eaipiece oximeter dye dilution 
cuives indicating tliat the methylene blue dye ^^as lapidlj leaving the blood * 
btieam and at least a portion ot it was being deposited in the tissues 

To fuither confiim this obseivation a scties of expeiiments was earned 
out in which dilution cuinls ot metlijlenc blue weie lecoided simultaneously 
111 radial arteiy blood and at both cais, the blood, howevei, was excluded 
from the optical path ot one earpiece duiing the dilution curve by inflating 
Its piessuie capsule to 250 mm ot nicrcuiy When this was done the quantity 
ot methylene blue subsequentlj detectable m the cai tissue fiom which blood 
was excluded duiing the dilution cuive was strikingh less than in the eai 
tissue with unimpeded blood flow duiing and immediatel} after injection of 
methylene blue (Fig o) 

To study transfoimation of the speetial tiansmission of the d>e m blood 
m vitio, successive sudden injeetions of Uvans blue and ineth>lent blue dye 
weie made into oxygenated fiesh liuman blood (hepaiinized) contained in a 
moving Waiing blendor irom which the blood was being continuously sampled 
thiough a cuvette oximetei Compaiison of the resultant cuivcs ot dilution 
(Fig 6) shows an appaicut disappcaiance of the methylene blue dye in the 
blood, which occuiicd at a piogicssively slowei lato aftoi initial mmng of 
tlie dye and blood This decrease in speetial absoxption by methylene blue in 
blood may be due to the movement of dye into the cells and its intiacellulai 
leduction to the coloiless leuko form 


APPARENT 
DTE CONTENT 


LfCHT 

TRANSMISSION 
OF BLOOD 


EVANS euiE ore methylene slue ore 



Fiff 6 —Original recording of apparent char 
methylene blue immediately after mixing of dye 
after a small o\ershoot (not Instrumental) the 
the mixture remains stable In contrast a rapid 
apparently due to decolorlzation of the dye m bloc 
lene blue In the mixture decreased in 2 minutes to 
remained approximately stable at this value for the 


3 blue and 
Note that 
ns blue in 
lue occurs 
of methy 
value an 1 
3 minutes) 


B Patients ^V^t1l Left to tight Inttacaidxao Shunts —Decrease in the 
magnitude of the peak deflection and piolougation of the disappcaiance slope 
associated with an absent systemic lecucuHtion peak in T 1824 aiteiial dilu 
tioii curves have become lecogmzed as the hallmarks of the piesence of a left 
to right sliunt*^ (Fig 4) These flndmgs have also been noted in dilution 
curves recorded in patients with seveie valvular insufficiency' ^ When com 
pared to the mean peak deflections obtained m the noimal subjects with the 
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two dyes, the diminution in magnitude of the peak deflections in 10 patients 
# M'ith left-to-right shunts was similar in the methylene blue and T-1824 curves, 
the mean peak eoncenti'ations amounting to 66,1 and 63.5 per cent, respectively, 
of the mean values for peak concentration obtained in the normal subjects. 
The degree of prolongation of the disappearance slope, however, was consider¬ 
ably less in the curves recorded after injection of methylene blue than after in¬ 
jection of Evans blue. Comparison of the deflections detected directly in the 
arterial blood 10, 20, and 30 seconds after the peak deflection in successive 
methylene blue and Evans blue curves in these 10 patients with left-to-right 
shunts revealed deflections amounting to 51, 41, and 34 per cent of peak de¬ 
flection in the Evans blue curves at these times compared to concentrations of 
31, 16, and 11 per cent of peak deflection in the curves recorded following 
injection of methylene blue (Tabic IV). These figures, however, do indicate 
tlie presence also of definite prolongation of the di.sappearance slope of the 
methylene blue curves iu patients with left-to-right shunts compared to curves 
obtained in normals in whom at similar times, dye concentrations were ap¬ 
proximately one-fomlh of these values (Table I). Gross inspeetion of the 
curves revealed no difference in the behavior of methylene blue as an indicator 
when the patients were breathing air or oxygen. 


T.VBLE IV. DlLUTlOX PATTERNS AT THE B.\.DUL ARTERY OF 10 PATIENTS WiTH INTRAC.VBUUO 
Left-to-Eioht Shunts After Successive Injections of Equ.ve Doses of Evans Blue 
AND Methylene Blue Into the Pulhonwry Artery or Superior Vena Cava 



PC (CM.) 

10 SECONDS 
AtTER PC 

20 SECONDS 

I AFTER PC 

30 SECONDS 
■ aiter pc 

AS PER CENT OP PC 

Evans blue 

5.2 


40.6 


Methylene blue 

10.1 

31.0 

16.4 

10.9 

Mean difference 

-1.9 

19.6 

24.2 

23.1 

Range 

-11.1 to 0.3 

lA to 2S.S 

12.5 to 41.3 

11.4 to 41.2 


PC = peak concentration. 


Table V. Comparison of Dis.vppe.\rance Slope Ratios C.tLcuL.tTED From Successive 
Evans Blue and Methylene Blub Arterul DmuTioN Clt.ves in 12 Xormal Subjects, 
IN Four Patients With Stenotic Valvular Heart Disease .ino in 12 Patients 
With Intracardiac Left-to-Eight Shunts 



1 DIS.U>PEARANCE SLOPE RATIO IN: 

NOKStAL 1 

1 SUBJECTS 

PATIENTS WITH 
STENOTIC valvular I 
HEART DISEASE | 

1 PATIENTS WITH 

I INTRAC.VRDIAC 

i LEIT-TO-BIGHT SHUNTS 

Evans blue 

0.30’ 

0.32 

0.05 


(0.21-0.3Sjt 

(0.25-0,40) 

(0.44-0.88) 

ilethylene blue 

0.26 

0.26 

0.50 


(0.16-0.34) 

(0.15-0.37) 

(0.35-0.72) 


*Mcan value. 
tRange. 


To quantitate the dispropoi'tionate prolongation of the disappearance 
slope caused by a left-to-right shunt, the .so-called disappearance slope latio 
was devised. This ratio is calculated by dividing the deflection occurring at 
a time equal to the build-up time {BT)“ after the peak deflection by the pea' 
deflection (PC): Disappearance slope ratio = (Deflection BT seconds aftei 
PC) F PC (Fig. 4, right panel). 
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In Fig 7 the disappeaiance slope latios foi the successive Evans blue 
and methylene blue cuives iceoidcd at the ladial aitery aie compaied with 
the magnitudes of the left to light shunts mcasuied in 12 patients duiing the 
same caidiac cathUeiization pioctduic V faiilj good coiielation between 
the size of the left to light shunt and the disappeaiance slope latio is evident 
both foi the Evans blue and foi the mcthvlene blue arteiial dilution cuives 
The mean values and laiiges loi the disappeaiance slope latios determined 
fiom the successive dilution cuives iccoidcd in noimal subjects and in the 
cardiac patients with and without left to light shunts aie given in Table V 
Patients with vahuiai heait disease in whom the xnescnce of valvulai insuf 
ficicncy was found at opciation ox ncciopsy oi in whom there was a stiong 
clinical suspicion of the picsence ot valvulai iiisulYicicncv ueie cvLluded As 
IS evident both fioni Table V and from Pig 7, theie was no oveilap ot iionnals 
and left to nglit shunt piticnts when this latio was calculated eitliei fioni the 
T 182-t Giuve 01 tioiu the associated mUhvleiie blue ciiivc As expected, owing 
to the rapid loss ot methjluic blue fiom blood, latios calculated tiom meth 
jlene blue cuives weie s}sttmaticall> smallci than tliose for Evans blue 


EVANS SLUE OVE METHYLENE BLUE DYE 



Fie 7 —Relation of left to right shunt to disappearance slope ratio calculated from 
successive Pvans blue and methylene blue dilution curves recorlel at the radial artery in 1** 
patients with Intracardlac left to right shunts Note the fairly good correlation between 
the size of the left to right shunt (measured at cardiac catheterization) and the disappearance 
slope ratio of both the Rvans blue (left panel) and methylene blue (right panel) dilution 
curves The disappearance slope ratios obtainel m 12 normal subjects and 4 patients with 
stenotic valvular heart disease (in whom both an Intracardlac shunt and significant valvular 
Insulllclency had been excluded) are plotted along the ordinate 

C Patients ^V^thollt InUaaudiac Shunts —In tlic iiiuc caidiac patients 
witliout significant mtiacaidiac shunts studied, toinpaiison of the successive 
methylene blue and Evans blue aitciial dilution cuivc'i yielded lesults which 
would be expected on the basis of the foiegoing data In 4 patients who hid 
scveie mitral or aoitic stenosis (without significant insufificieiicj) the T 1824 
curves weie of the tjpical so called failuic tv pc, that ls, the curves weie shallow 
and all of the time components wcic maikcdlj but sjmmctiicall> piolonged 
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(Fig. 8). Accompanying metiiylene blue curves revealed peak concentra¬ 
tions wliicli were 1.9 (l.l to 2.5) times as great as those after T-1824 and 
similarly displayed a prolongation of all of the time components. The disap¬ 
pearance slope of these curves, however, again was proportionately less pro¬ 
longed than in the associated Evans blue curves, as was the case in the normal 
subjects and in patients with left-to-right shunts. 

OXIMETER Left Ear 

CUVETTE OXIMETER 
RadiaJ Arie/y 

r 
o< 


CVANS BLUE DYE 




Fig. 8—Companion of arterial dilution curves following successive injections of Evans 
blue and methylene blue dyes mto the pulmonary artery of a patient with stenotic valvular 
heart disease without an intracaidiac shunt (man, 3G years of age; aortic stenosis). Note 
the prolongation of all of the time components of these curies, especially the prolonged 
systemic recirculation time of 52 seconds (normal- approximately 21 seconds). The sys¬ 
temic recirculation peak is evident only on the 'r-1824 curve lecorded at the radial artery 
The differences in amplitudes of the curves recorded at the ear and at the radial artery are 
due to the low sensitivity of the earpiece to dye m arterial blood which is encountered oc¬ 
casionally and occurred m this particular patient 


EVANS BLUE DYE METHYLENE SLUE DYE 




-Cuvette Oximeter Radiol Artery 

Pig. 9 —Comparison of arterial dilution curves recorded following successive injections 
of Evans blue and methylene blue dyes into the superior vena cava of a patient with an 
mtracardiac right-to-left shunt (girl. 5 years of age; ventricular septal defect with pul¬ 
monary hypertension). The nght-to-left shunt pattern consists of an early appearance or 
dye With a double hump contour, the first hump representing dyed blood wliich has passea 
through the defect directly into the systemic circulation to the sampling site and the seconn 
hump representing dyed blood which has followed the normal longer pathway through tne 
lungs The magnitude of the nght-to-left shunt is determined by dividing the area of the 
first or shunt triangle (slanted lines) by the sum of the areas of the two triangles shown. 
Note the proportionately greater area of the initial triangle m the methylene blue curve, 
which calculated out to represent a 40 per cent right-to-left shunt compared to a 25 per 
cent shunt calculated from the Evans blue curve This difference is due to loss of methylene 
blue m the lungs coupled with rapid decolorization in the blood (see text). Note also tne 
decreased amplitude and reiativelv- poor definition of the curves recorded at the ear; this is 
sometimes seen, especially in infants < 


D. Patients 'With Bight-to-left Intracardiac Shunts .—In 9 patient.s with 
congenital beart disease in whom the presence of an intracardiac right-to-left 
shunt was detected during cardiac catheterization by means of dye-dilution 
curves and, in some of the cases, also from the arterial blood oxygen saturation 
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data, successive methylene blue and T 1824 cuivcs were lecoided at a mean 
time interval of 4 0 minutes (range 3 1 to 4 8 minutes) In 3 of the patients 
the veno artenal simnt was located at the atrial level and in the itinainuig 6 
it was at the ventriculai level 

Analysis of these cunes \\as confined to a comparison of the magnitude 
of the calculated right to left shunts using the foiniula of Suan and associates'" 
(Fig 9) A siiiidai percentage sluint would be e\peeted if tlie aieas of the 
primaiy and secoiidaiy deflections in cuivcs lecoided following the injection 
of each of these dyes maintained a similar pioportion to each othei 

From Table VI it can be seen that in the patients witli modeiately sized 
light to left sliunts, all of nhom had an intcrvcntiiculai communication, meth 
ylene blue curves tended to exaggciate the magnitude of the shunt (see also 
Fig 9) In the 4 patients with atiial septal defect, all uith small right to 
left shunts, the shunts calculated from the methylene blue and E\ans blue 
dye cuives were not significantly diffeient 

Table VI Comparison of RiguttoLept Shunts Cvlculated From Successive D\e 
Dilution Cor\es Using Ev\ns and Methylene Blue 

Rionr TO I EFT SnUNT AS PER CENT OP SYbTEMlO FLOW IN 


10 

10 

0 

33 

30 

-3 




32 

32 

0 

8 

9 

-1 

29* 

39 

-10 

10 

11 

-1 

23 

41 

-18 




39 

42 

-3 




28* 

50 

-22 

5 

3 

2 

23 

45 

—22 




23* 

31 

-8 


•Patient breathioff room air all other curves recorded ivith patient breathmff 100 per 
cent oxygen 

The initial deflection of dilution cuives recorded in the presence of a 
right to left shunt (Fig 9) leprcsents dyed blood which passes through the 
intracaidiae defect directly to the systemic arteiies and sampling site -without 
traversing a capillaiy bed, while the second deflection repiesents dyed blood 
which has passed in the normal fashion thiough the capillary bed of the 
lungs Therefore, if a significant amount of methylene blue disappeared fiom 
the blood stream during passage through the lungs a disciepaiicj in the 
estimate of veno arterial shunts calculated fiom methylene blue and Evans 
blue dye curves would be expected 

The technique of simultaneous right and left heart catheteiuation'’^ 
afforded an opportunity of obtaining diieet evidence with legard to possible 
loss of methylene blue dje in the lungs Dilution cuives vieie lecoided simul 
taneously at the ladial aiterj and at the cai following successive injections of 
equal doses of T 1824 and methylene blut into the left atrium and the pulmonary 
artery Dye injected into the pulmonaiy artery must traveise the pulmonary 


H\E PMIFMS WITH VENTCICUI-VR 

_ SEPTAL DEFECTS _ 

EVANS MBTUVLENB I 

BLUE BLUE DIFFERENCE 


FOUR PATIENTS "WITH ATRIAL 
SEPTAL DEFECTS 
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capillary bed, while dye injected into the left atrium reaches the sampling 
site without passage through lung tissue. Also because of the longer distance 
to the sampling site, dye injected into the pulmonary artery remains in 
contact with the blood for a longer period than that injected into the left 
atrium, again giving a greater opportunity for disappearance of dye in the 
blood proper, as illustrated in Fig. 6. By comparing the ratio of the peak 
deflections recorded at the radial artery following the injections of identical 
doses of T-1824 (which is known to remain in the blood stream for a consider¬ 
able period^®) into the pulmonary artery and into the left atriiun with the 
ratio obtained following the injection of methylene blue dye into these sites, 
an estimate of the average amount of dye disappearing during passage through 
the lungs is possible. In 5 such e-Kperiments, the amount of methylene blue 
dye "lost” in the lungs, as estimated by the foregoing method, was found to be 
13 per cent (range: 1 per cent to -10 per cent). 

DISCUSSIOX 

In substituting methylene blue for Evans blue as indicator in arterial 
dilution curves an immediately apparent disadvantage is the inability to use 
methylene blue curves for cardiac output determinations, since this dye cannot 
easily be quantitated spectrophotomctrically in blood. jMethylene blue, how¬ 
ever, finds considerable use as an indicator in diagnostic cardiac catheteriza¬ 
tion. Iir patients with left-to-right shunts it has been possible to estimate 
grossly the magnitude of the shunt from the Evans blue dilution curves.'® 
Eeorientation of the criteria used in this method of estimating the magnitude 
of left-to-right shunts is necessary when methylene blue is used, because of 
the (apparently) lesser degree of prolongation of the disappearance slope in 
the methylene blue curves. When this is done, a semiquantitative estimation 
of the magnitude of the left-to-right shunt is possible from the methylene blue 
curves of apparently the same degree of accuracy as when Evans blue is used. 
With regard to the detection of left-to-right shunts by means of dye curves 
it must be remembered that the systemic recirculation peak may be absent in 
methylene blue dilution curves recorded in normal subjects and that this de¬ 
ficiency cannot be regarded as an abnormal finding. 

Because, milligram for milligram, it produces twice the deflection of 
T-1824, methylene blue has an advantage over T-1824 in the detection and 
localization of right-to-left shunts. 

Another important function Avhieh methylene blue serves in the diagnostic 
applications of indicatoi’-dilution curves is to permit the repetition of dilution 
curves, unsatisfactory for technical or other reasons, Avithout fear of gross 
discoloration of the patient’s skin, as would be the case were Evans blue tlic 
onlj' available indicator. 

Indigo carmine, which has recently been used in the performance of ar¬ 
terial dilution curves,-®® offers the possibility of overcoming some of the dis¬ 
advantages of methylene blue. Because it is not lost from the blood stream 
before one circulation is completed, its dilution patterns can be used for deter¬ 
mination of cardiac output, and for this same reason they resemble closely 
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ciu\es lecoided following injection of T 182-i Its iclatnelj low speetial 
absoiptioii in tlie legion of 640 in/* leciuiics the use of compaiati\elj laigc doses 
of tins substance for the satisfactory iccoidiiig of aitciial dilution cui\es by 
means of o\imetiy IIowc\ei, this dosage does not pioduee appieciable 
discoloration of the skin 

SUJIM VR\ 

The coiitouis of dilution cui\es iccoidcd siinultaiieouslj at the ladial 
aiteij and at the cais following suceessne injections of equal doses of E\aiis 
blue and metliylene blue weie studied in 12 hcalth\ subjects, 28 patients with 
congenital heait disease, and 0 patients with ac<iiuiid hcait diseisc 

1 Jleth^lenc blue in doses lequiied toi diagnostic puiposcs does not 
pioduce discoloiation of the skin, as inaj occui following use of E\ans blue 

2 In equal doses inethjlenc blue pioduccd a peak deflection which was 
appioximately double that following injection ot E\ans blue, howe^Cl, the 
systemic leciiculation peak was diminished oi absent 

3 Alethjlene blue was found to be laigeU lost fiom the blood stream 
on Its fiist circulation and could be detected in bloodless cai tissue within 
seconds aftoi its injection 

4 Detcimiiiations of d^e content m bloodless (piessuiizcd) cai tissue 
2 5 minutes alter intia\cnous injection of 0 2 (01 to 0 3) mg pei kilogiam 
of Evans blue and of methylene blue icvealcd appieeiable quantities of moth 
jlenc blue but no detectable Evans blue in the tissue at this time 

5 In vitio e\peiimciits levealcd lapid (appiOMinately 50 pei cent) diini 
nution in spectial absorption within 2 minutes after the mi\ing of methjlenc 
blue dje and whole blood The appaieiit conccnti ition of dje in the mi\tuic 
then remained approximately stable foi tlie duiation ot the obseivations (30 
minutes) 

6 Appieciable appaicnt loss of mcthvlcne blue fioni the blood stieam 
duiing its hist passage tluough the piilmonaiv ciiculation v\as demonstiated 

7 In patients with left to light shunts a sinulai degiec of coiielatioii 
was demonstiated between the degice of dispiopoitioiiato piolongation of the 
disappearance slope of Evans blue and mcthjlenc blue dilution cuives and 
the magnitude of the shunt as dctci mined hj caidiac calheteiization 

8 Methjlene blue can be used in a siinilai fashion to Evans blue dye foi 
the detection and localization of light to left shunts Loss of mcthjlene blue 
in the d>e blood mixtuie tiavcismg the lungs ma> lesult in an ovei estimation 
of the magnitude of light to left shunts when this iiidieatoi is used 

9 It is concluded that nictlijleiic blue is a valuable adjunct to Evans 
blue foi use as an indicatoi foi iccoiding of selective dje dilution cuives diuing 
diagnostic cardiac cathetcii/ation 
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THE :MET^VB0LIC effects op progesterone in ^IAN: 

DOSE RESPONSE RELATIONSIHPS 
Richard L. Landau, il.D., Kathleen Lugibihl, A.B., Delbert il. Bergenstal, 
M.D., AND Dean P. DiiiiCK, II.D.* 

Chicago, III. 

S EVERAL aspects of the metabolic influence of administered progesterone 
in men and women have been described in recent publications by this 
group.Confirming an isolated experiment performed by Abels and Dobnuer,® 
it was shown that progesterone in a dosage of 50 to 100 mg. daily consistently 
induced a moderate increase in the net i*ate of protein catabolism. Kyle and 
Hess® have obtained similar results. This nitrogen dissipation probably re¬ 
sults from a direct or indirect effect on several organs or tissues, since, with 
the exception of muscle, no single tissue could provide the amount of protein 
catabolized as a result of this treatment. The process is not mediated by the 
adrenals, the pituitary, or thyroid glands and does not require the presence 
of adrenal or pituitary secretions. Estrogen does not potentiate the response 
and, although anabolic itself, does not inhibit it. 

Progesterone was also showij to possess a transient sodium and chloride 
dissipating influence in subjects with uoimial adrenal glands, and a more in¬ 
tense and protracted saluretic effect in dosoxycorticostcrone and cortisone- 
treated Addisonians. In one adrenal deficient patient progesterone did not 
affect sodium and chloride excretion when tlie adrenal insufficiency was 
treated with salt alone, but after cortisone and desoxycorticosterone had been 
given the usual intense salt loss was induced. It was accordingly suggested 
that this effect of progesterone was probably explained by the competitive 
inhibition at a renal level of adrenal salt retaining hormones. 

The 50 and 100 mg. daily dosages of progesterone which were employed 
in the above studies arc amounts which, judging from pregnanediol excretion 
studies, approximate the quantity of progesterone secreted during early preg- 
nancy.2 From the standpoint of gaining an appreciation of the importance of 
tlic metabolic effects of progesterone in human physiology it was also neces¬ 
sary to determine its influence at dosages comparable to the amounts secreted 
at other times. Accordingly the effects of 6.25 to 300 mg. per day have been 
studied in several subjects, thus covering the physiologic range from the 
progestational phase of the uicnstrual cycle to the last tiimcster of pregnancy. 

From the Department of Medicine, Uni\ersltjr of Chicago School of Medicine. Chicago, 
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Fig. 1.—^The effects of courses of 12.5 anti 25 mg. of progesterone daily on the urinary 
excretion of total nitrogen, sodium, chloride, and creatinine in Ij.V.. an arthritic man. Broken 
horizontal lines indicate the averages of pretreatment controls. 




METABOLIC EFFECTS OF PROGESTERONE 


2.—The effects of 15, 50. 150. and 300 mg. per day of progesterone on the urinaO' 
excretion of total nitrogen, inorganic phosphorus, potassium, sodium, and cf^atinme m J. 
the obese diabetic tvonTan. Fasting and 1:30 p.m. postprandial blood sugars drawn during 
treatment varied from 112 to 168 mg. per 100 ml. and did not differ fh^ntly from conir 
levels. No glycosuria occurred at any time. Broken honzontal lines indicate the average u 
control vaiues. 
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SUBJECTS 

L V, a 60}car old nian, was rather severely crippled b} rheumatoid and degenera 
tivo arthntiij At tho time these studies were performed he wis afebrile and the rheuma 
toid arthritis was inactive His basal metabolic rate (Ala }0 Foundation Standard) was 
+5 with basal calorics of 1,400 per dav 

L S, a 53}earold postmenopausal woman, was chromcall} undernourislied because 
of functional anorexia She weighed ju<5t 77 pounds The bisal metabolic rate was -10 
witli basal calorics of S20 For the sike of brevitv det uled data from this experiment 
are not included, but will be refcirtd to lu the text 

J F was a SQjearold iiostinenopausal woman sufTcring from diabetes, obesitj, and 
arteriosclerotic heart disease ^\ hen ohc w is on a restricted diet no insulin was required, 
but when she ate freelj, as was often her habit, she took as mucli as SO units of insulin 
per daj During the studies recorded here no insulin was required 

R B was a 53 j ear old obc'>o man witli mild arteriosclerotic heart disease His 
metabolic rate was +7 with basal c ilones of 1,940 per daj 

E G was A postmenopausal woman with chronic neuiodermatitis of the thighs Her 
metabolic rate was -15 witli basal calories of 1,090 per daj Detailed data are not pre 
sented, but are commented upon m the text 

■METHODS 

All of tho subjects resided m the metabolic unit of the hospital Physical octivity 
varied littlo from daj to daj Dictarv and fluid intake weio maintained at a constant 
level in the usual fashion ? The obese subjects were on moderate Teducing- programs, tho 
otheis were fed maintenance oi supramainteuauco diets The progesterone, dissolved in 
sesame oil and 20 per cent benzjl benzoate, was administered intramuscularly in single 
daily injections for the smaller do''e«, but m 2 or 3 spaced injections for the 200 to 300 
mg dailj dosages Analyses were earned out on 24 or 48 hour urine pools, tho complete 
ucss of collections being tested for b> the performance of creatinine determinations As 
in the past a metabolic effect was as'^umeil to have occurred when treatment was a«iSO 
ciatcd with a significant deviation from tho baseline values of the urinary constituent 
determined Complete balances were not performe 1 Ihe fecal excretion of nitrogen, 
inorganic phosphorus, sodium potassium, and chloride was assumed to varj insignificant!} 
from da} to da} ISone of tlic patients Jiad gastrointestinal disease Total urinar} 
nitrogen, inorganic phosphoru-' and creatinine were determined as iircviousl} described t 
Sodium and potassium were measuied b} means of the Perkin Elmer flame photometer 
using a lithium intern il standard Preguanediol was determined by a modification of 
Stimmel’s technique » 

RESULTS AND DISCUSSION 

Id. 3 subjects dosages of only 12 5 to 15 mg i)ei clay of piogesteione 
evoked a catabolic icbpoiise Although the effects were inimmal, elevations 
III iinnaiy mtiogeii vveie consistent and systematically coiielated with the 
time of piogesteione administiatioii In L V (Fig 1), the 12 5 mg course 
induced a intiogen elevation which .n^ciaged 0 6 Gm daily In J P (Pig 2) 
and L S (data not shown), 15 mg daily of piogesteione lesulted m aveiage 
mcicases ot 0 7 and OG Giu of nitiogcn jiei day, icspcctivelj In L V, 6 25 
mg^ of piogesteione per day failed to affeet uiinaiy nitiogen exeietion, al 
though the cliaiaeteiistic use in basal body tcmpeiatuie was obseived It 
would thus appeal that 12 5 mg pci day of piogesteione approaches the 
minimum dosage which could delectably enhance iJiotein catabolism in man 
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Some gradation in the intensity of the catabolic response to progesterone 
was apparent as the dosage was increased to 25 and 50 mg. per daj'’. In L. V. 
(Fig. 1) the daily nitrogen elevation averaged 1.7 6m. drxring the 25 mg. daily 
course of progesterone, and in J. P. (Fig. 2) the nitrogen dissipation was in¬ 
creased to an average of 1.5 Gm. per day when 50 mg. was given. These sub¬ 
jects served as their own controls and the differences in response at the two 
dosage levels in each individual seem quite significant. Furthermore the 0.6 
to 0.7 6m. average elevation induced by 12.5 or 15 mg. of progesterone in these 
3 experiments is distinctly less than the 1 to 2 Gm. increments observed as a 
result of the daily administration of 50 mg. per day of progesterone in over 
20 published-- and unpublished experiments. 

The elevation in urinary nitrogen tended to be niaximal at a dosage of 
about 50 mg. per da 3 ^ In some subjects, however, larger amounts of proges¬ 
terone evoked a somewhat greater response. In a previously reported experi- 
rnent^ 100 mg. daily induced a nitrogen elevation of 1.7 Gm. per day in com¬ 
parison with the 1.1 Gm. average increase which resulted from treatment with 
50 mg. The average elevation induced by 50 mg. per day in J. P. (Fig. 2) 
was 1.5 Gm. ; during the 4 days on 150 mg. the increase averaged just 1.4 Gm., 
but doubling the dosage in the succeeding 4 days was associated with a further 
increase to a level 3.0 6m., higher than the control base line. On the other 
hand, in R. B. (Fig. 3) the nitrogen elevation induced by separate courses of 
50, 200, and 300 mg. of progesterone per day were essentially the same, and 
in the postmenopausal Avoman, E. L. (data not shown), the nitrogen increments 
Avere also indistinguishable on these dosages. It may be concluded that even 
if these large quantities of progesterone should increase the catabolic process 
beyond that induced by 50 mg. per day, the xxi’inary nitrogen elevation remains 
of the same order of magnitxxde, and the relatively extreme elevations Avhich 
may be indxiced by large excesses of adrenal corticoids®- are not seen ivhen 
as much as 300 mg. of progesterone is given each day. In considering this 
compai'ison, hoAvever, it shoxxld also be emphasized that Avhen cortisone is 
ghmn in dosages of 50 mg. per day or less, there is often no detectable catabolic 
response. 

The inflxxence of progesterone on xxi-inary inorganic phosphorus and potas¬ 
sium in R. B. (Fig. 3) is xxniqxie in oxxr experience. It has been stated" that 
Avhen progesterone is given to indhddxxals Avith normal adrenal glands the ex¬ 
cretion of these constitxients is not significantly affected. As a matter of fact, 
in about one-half of our experiments xxrinary potassium dropped approx¬ 
imately 7 meq. and inorganic phosphorus about 0.1 Gm. during the first two 
days of treatment. These shifts Avere more or less disregarded beeaxxse they 
were trivial and inconsistent. In R. B. (Fig. 3), hoAvever, this prompt sup¬ 
pression in the excretion of both substances Avas conspicuous at all 3 dosages. 
Inorganic phosphonxs dropped 0.24, 0.23, and 0.24 Gm. per day, and potas¬ 
sium 21, 12, and 14 meq. per day. The excretion of both then returned to the 
base line and rose above it in parallel fasixion, returning to the control level 
several days after treatment had stopped. These shifts probably represent an 
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unexplained exaggeration of the dip in urinary potassium and inorganic phos¬ 
phorus seen in some other subjects (Fig. 2; 150 mg. dose). As such they may 
be assumed to reflect a metabolic change involving both phosphate and potas¬ 
sium. 
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Fiff. 3 —The effects of courses of 50, 200, and 300 mg' of progesterone each day on the 
urinary excretion of total nitrogen. Inorganic phosphorus, potassium, sodium and creatinme 
in K, B, the obese man Broken horizontal lines indicate the averages of control values. 
Two control levels are indicated m the excretion of total nitrogen, inorganic phosphorus, and 
potassium because the base line of these constituents dropped after the llrst treatment 


The dissociation of these parallel shifts in potassium and phosphoiiis from 
the rising curves of urinary nitrogen excretion suggests that whatever 
metabolic process is involved, it is relatively independent of protein catabo¬ 
lism. In some circumstances, i.e., anabolic processes induced by androgen,’’ 
the urinary inorganic phosphorus and pota^ium excretion closely paralleled 
total nitrogen excretion, indicating their storage with protein tissue. In some 
Addisonians^ in whom a rather intense catabolism was induced by proges¬ 
terone the urinary excretion of inorganic phosphorus and potassium rose with 
the total nitrogen, presumably reflecting the acceleration of protein tissue dis¬ 
solution. The sharp initial decline in the excretion of inorganic phosphorus 
and potassium which is dramatized in R. B. (Fig. 3) seems to point to some 
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other influence of progesterone—perhaps an effect on eai'bohyclrate metabo¬ 
lism. In this connection it should be noted that in the controlled diabetic 
subject J. P. (Fig. 2) progesterone did not induce glycosuria, and the fasting 
and postprandial blood sugars were not affected by treatment. 

The intensity of the salt dissipating action of progesterone was very 
clearly enhanced by increasing the dosage of the homnone (Fig. 1). The cal- 
cxrlated losses of sodium in L. V., J. P. (Fig. 2), and L. S. on 12.5 to 15 mg. 
of progesterone daily were 68, 46, and 22 meq., respectively. In L. V., the 
sodium loss on 25 mg. per day was 85 meq., and in J. P. and E. B. the losses 
during the 50 mg. treatment period Avere 132 and 138 meq., quantities repre¬ 
sentative of the usual losses at this dosage. The magnitude of the sodium 
losses was inevitablj' impressive and more enduring when 150 to 300 mg. of 
progesterone per day were given. In J. P. (Fig. 2) the 300 mg. dosage Avas 
begun after just 4 days on 150 mg. daily—at a time Avhen the induced natri- 
uresis had begun its characteristic decline. The 8-day loss, hoAvever, Avas 336 
meq. In E. B. the loss on 200 rag. daily Avas 396 meq.; since the 300 mg. course 
Avas short and Avas started during the post-treatment phase of sodium retention, 
calculations Avould not be appropriate, but the peak excretion of sodium Avas 
higher than at any other time. Eirtirely similar results Avere obtained in E. C. 
(data not shoAvn). Urinary chloride excretion (not shoAvn in Figs; 2 and 3) 
closely folloAved that of sodium, but as previously noted- the losses Avere never 
so great. 

As in other experiments m subjects Avith normal adrenals, immediately 
folloAving the cessation of treatment Avith progesterone, urinary sodium ex¬ 
cretion dropped abruptly and in the ensuing several days virtually all of the 
sodium Avhich had been lost Avas recovered. FolloAving the large doses of 
progesterone the intensity of the salt retaining impulse Avas remarkable, the 
excretion of urinary sodium dropping to levels of only 15 to 25 meq. per day. 
This contrasts Avith the treated Addisonians in Avhom salt loss of the same 
magnitude Avas not folloAved by a sharp retention. It has been suggested- 
that this suppression of urinaiy sodium may be the result of an increased 
secretion of adrenocortical salt retaining steroids. 

It should be pointed out that in none of the many subjects in Avhom Ave 
have studied the influence of progesterone has there been evidence of pre¬ 
existing salt and Avater retention. Thex'c is no reason to belicA-e, hoAvever, 
that progesterone might not be saluretic in patients Avith edema. Leutclier 
and associates'^ haA-e shoAvn that patients Avith heart failure, nephrosis, etc., 
excrete an increased quantity of aldosterone suggesting that this adrenal hor¬ 
mone may play a role in the genesis and/or maintenance of such edema states. 
If, as has been indicated, the natriuretic influence of progesterone is due to 
the inhibition of the renal effects of salt retaining eortieoids, it is conceivable 
that progesterone Avould promote the urinary excretion of salt in such con¬ 
ditions. If so, the post-treatment retention of sodium might be lessened by 
placing the patient on a loAV-salt intake. 
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Although the dosages studied langcd mdely fioni 6 25 to 300 ing daily, 
there is eveiy indication that each of these quantities may he piesented to 
the female oiganisni undei physiologic conditions Calculations based on the 
fact that 10 to 20 pci cent of admmistcicd piogestcione is e\cieted as pi eg 
nanedioP indicate that as much as 25 mg of piogesteione may be secieted 
each day by the coipus luteum of the iionpicgii'uit ^\omall This deduction is 
suppoited by the fact that in L V (Fig 1) 3 3 mg of piegnancdiol per day 
^\ele excreted duimg the 25 mg dosage peiiod and 2 2 mg pci day when 
12 5 mg was given Both quantities aie Mitliin the laiige of pregnanediol 
excieted duimg the luteal phase of the menstrual cycle Ihe 50 mg dosage 
piobably can be considcied as appioximiting the quantity secieted m eaily 
piegnancy, and 200 to 300 mg pei day late piegnincy J P (Pig 2) excieted 
62 mg of pregnanediol pei day when rcceuing 300 mg of piogesteione It 
remains impoitaiit to demonstiate that endogenous piogesteione exerts sinulai 
effects, but these data suggest that piogesteione might influence piotein 
metabolism and sodium and ehloiidc cxeictiou m the piegnant and the normal 
menstiuating woman 

SUMMMIV VXD CONCLUSION 

1 Piogesteione excits a dcmonstiible catabolic effect in men and women 
when admimsteicd in dosages which appioximate the levels of seeietion of the 
hoimono during the luteal phase of the mcnstiual cycle and oaily and late 
picgnaney^y^lthough G 25 mg pci day had no effect, 12 5 to 15 mg induced a 
distinct elevation in uuiiaiy nitiogon cxcietion which avciaged about 0 7 
Gm m 3 subjects Doses of 25 to 50 mg of piogesteione evoked a gieatci 
losponso, the usual nitiogon elevation, aveiaging 1 to 2 Gm per day The 
intensity of the catabolic effect of piogesteione tended to plateau at a dosage of 
50 mg pel day Laigei quantities (100 to 300 mg pci day) did not legulaily 
induce gieatei i espouses 

2 III one man uiinaiy inoigaiuc iihosphoius and potassium dropped sig 
mficantly duimg the fiist 2 oi 3 days of piogesteione tieatmeut, followed by 
a letuin to the base line, and then an ovcishooting of control levels A similai 
slight decline in potassium and inoigimc phosphoius had been seen in ap- 
pioximately half of oui othci studies Since lumaiy nitiogcii excietion was 
using at this time it was suggested that these shifts did not leflect the change 
m pioteiii metabohsiii, but some othei process 

3 In one mild, contioiled diabetic piogesteione did not affect the blood 
sugar level oi induce glycosuiia 

4 Tlie intensity and duiation of the natuuicsis induced by inogesterone 
was clearly lelated to the dosage 3he effect was slight and transient at the 
low doses, hilt much greater and moic cnduimg when the dosage reached 150 
mg pel day In all cases the salt loss was iccovcicd duimg the posttreatment 
phase of letention 
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SEQUENTIAL ANALYSIS IN THERAPEUTIC RESEARCH 
I. Application to Binomial Data and to JIeasured Data Normally 
Distributed (One-Sided Alternative) 

Carl R. Doering, M.D., D.Sc., James A. Hagans, M.D.,* 

Frantz AV. Ashley, B.S,, I^Iervin L. Clark, M.D., and Stewart Wolf, jM.D. 
Oklahoma City, Okla. 

T here is an increasing need for a rapid and reliable method of evaluating 
pharmacodynamic agents for their potential therapeutic effects. The points 
for emphasis in the design of the tiierapcutic experiments arc adequate ran¬ 
domization in the double-blind technique, and the accurate estimation of the 
variation in the variables measured, including the variation due to uncontrollable 
extraneous factors as well as that due to placebo effects. Usually the design 
is developed to correspond with the statistical technique by which the results 
are to be evaluated; thus, the collection of data proceeds until a sizable number 
of control and test observations have been gathered before a statistical analysis 
is attempted. Using the sequential method of Wald,' however, analysis begins 
as soon as tlie data from the control observations arc available and continues 
with each new test observation until a decision is reached. The decision is 
usually reached and then the testing may be stopped after substantially fewer 
observations than are required by any other statistieal plan now Icnown.* 

Sequential analysis, originally developed by Wald and associates for quality 
control in industry, has been applied to biologic and clinical problems at a 
purely tlieoretie leveP* * and has recently been reported to determine the signifi¬ 
cance of differences in proportions observed in clinical prophylactic and thera¬ 
peutic trials® (binomial distribution), and to determine the significance of dif¬ 
ferences in measured variables in various biologic systems in man in terms of 
tlie likelihood ratio or the probability ratio tests against a single alternative 
hypothesis.®'® The technique of sequential analysis requires the randomization 
of the order in which tests are cari'icd out and exploits the tendency of such a 
distribution to equalize in the long run; i.e., if in tossing an unbiased coin sev¬ 
eral heads appear without tails, the chance for a tails on the next toss is still 
“50-50” but it is inevitable that eventually a run of tails will appear so as to 
ultimately equalize the distribution. Se<iucutial analysis is particularly adap¬ 
table to the apraisal of an effect on a biologic system whose intrinsic variability 
has already been determined, bnt it requires that this solid base line of control 
data be available for comparison. 

From the Experimental Therapeutic Unit of the Department of Medicine, University of 
Oklahoma School of Sledicine and the Veterans Administration Hospital, Oklahoma City, Okla. 
Received for publication March 7, 1957. 
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The first study reported here concerns data that is distributed binonrially, 
in this instance the presence or absence of vomiting following the exhibition of 
antiemetic agents. The second involves data in which actual measurements were 
made. The control data, from whieli the mean and standard delation were 
computed, were normally distributed. In this instance the study was designed 
to measure the day-to-day changes in 24-hour urine volume observed during a 
control period and during a period of administration of a diuretic agent. Sig¬ 
nificant change in the measured variable (24-hour urine volume) during treat¬ 
ment occurred in one direction only. 

METHODS 

The details of the clinical experimental studios herein analyzed as well as the results 
of their analysis by more standard statistical methods have been reported elsewhere.^. n> 
Briefly, the first study was concerned with the anticmetic effects of 3 identically appearing 
capsules. The human volunteers on each occasion were given 1 capsule prior to the ingestion 
of an emetic dose of ipecac. The capsules contained either a placebo, 20 mg. of cUlor- 
promazine (Drug A), or 20 mg. of an experimental antiemetie compound structurally related 
to chlorpromazine, SKF 4657* (Drug B). The second study involved the measurement 
of the diuretic effect of two pyrimidiuedione compounds, aminometramidef and aminoiso- 
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of the coiitiol obseivations ^\as 14 1 Sohing the foimula given piovionslj nil 
del methods we find mi — 17 3 using iii = 6 Alpha and beta aie again 
selected as 0 01 and solution of the appiopiiate foimulas jield ho — 52 84, hi 
= 52 84, S = 8 6 Pig 2 piesents the icsults plotted on the sequential graph 
thus constructed, fiom the first treatment daj toi each ding tested, including 
the placebo Tlie Slope (S) was subtiacted from each induidual obsenation 
as was done in the deiiiatiou of this seiiuciitml giaph (see methods) The 
placebo was lejeetcd on the sequential giaph as it faikd to induce a change in 
the 24 houi uiine \olume which diffcicd significantlj fiom the coiitiol obsci\a 
tions Aminoisometradine (Rolicton) was accepted on the first tieatmeiit daj 
as having diuietic propcitics in both the dose of 1 2 Gni and 2 4 Gm pei 
day, and ammometiamide (jMictine) was accepted on the fust tieatment daj 
at a dose of 1 2 Gm per daj The number of tests lequiied to make the above 
decisions was 4 foi the placebo, 8 for the 12 Gm dose of aminoisometiadine, 5 
foi the 2 4 Gm dose of aminoisometiadine, and 5 foi the 1 2 Gm dose of amino 
metiamidc The indiMdual obsei\atious fioni this e\peiiment ha\e been re 
poited picMousb in tabulai foim, togethei with analjsis of the data bj more 
standard statistical techniques’® 


DISCUSSION 

The feciiiiique of se(iuential aiiabsis has been found convenient and re 
liable when applied to clinical thciapeutie cxpciimcuts and jields a satisfaetoiily 
accuiate decision rcgaidiiig tlic cflicac> of the agent tested with ftwei obseiva 
tions than aie requued bj moie standaid statistical tecliniques currently m use 
B} plotting the icsult of each induidual observation as it is made, it permits 
one to stop an c\peiimcnt as soon as a decision is i cached It is readily ap 
plicablc to clinical data binomially distributed and to measuicd data normally 
distiibuted 

Seveial deviations from the usual methods of appljiiig sequential anahsis 
to clinical data are dcsciilied Fust in dealing witli a binomial distiibutiou, 
instead of arbitianlv selecting P, when P„ is known, and then calculating the 
average numbei of obseivations (u Pi) needed to establish statistical difference, 
we have chosen to arhitiaiilv fix in at a dcsiiable numbei and then to determine 
Pi (fiom Table I) Tint the diffciciices between Po and P, will also be of 
clinical Significance is piacticalh insuicd if lu is kept at 10 oi 12 Second, 
in dealing with mcasuicd data the usual plans have most often selected lUi as 
2 (j fiom nio, 01 at another pin eh arbitral j distance from the known mo and 
then calculated the avciagc iiumbei of observations (ii nii) needed to demon 
strate a significant diffcieiice We have chosen to arbitraiilj fix ni (or u nii) 
at a desirable number and then calculate mt bv the metliod giv en In oiu cx 
pciicnce, when lUi is aiiivcd at m this wav it has always been acceptable as 
being significantly different clinically fiom lUo Should it not be, hovvevei, one 
maj widen the gap lietwccn iiIq and mi arbitrarily liy laising the value of nii 
and then icealculating ii nii, or, should the diffcience seem elinicallj too groat, 
the gap maj be arbitiaiilv iiaiiovved and n lUi lecalculatcd It is doubtful 
that eithei of these maneuveis shall piove nccessaij veiy often Finally, in 
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the construction of the one-sided alternative sequential graph dealing with 
measui’ed values we have chosen to routinely subtract the Slope (S) from each 
calculated value for the upper and lower lines and from each observation value 
to be plotted. This changes the appearance of the usual sequential graph so 
that it no longer has slanting upper and lower lines, but rather horizontal upper 
and lower lines which remain parallel to the abscissa and at right angles to the 
ordinate of the graph. This in no way alters the decisions reached, or their 
significance. 

SUIINARY 

A method is presented whereby the statistical technique of sequential analy¬ 
sis has been applied to clinical data binomially distributed as well as to meas¬ 
ured data normally distributed. This technique permits the plotting of each 
individual test observation as it is made, and permits stopping the experiment 
when a decision is reached. Further, it generally requires fewer observations 
than other more standard statistical techniques eux'rently in use. It should be¬ 
come a valuable aid for the evaluation of therapeutic agents. 
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SEQUENTIAL ANALYSIS IN THERAPEUTIC RESEARCH 
II Applicaiiov to ilEASURKD Data Nokmvlly Disikibuted 
(Two-Sided Alternatint:) 

James A Hagans, MD.,* Caul R Doering, M.D , D Sc, Mermn L Clark, 
H.D., Edward H. Schnfidfr, MD, and Stewart ‘NVolp, MD 
Oklahoma City, Okl v. 

E arlier adaptations of sequential analysis to elinical data ha\e allowed 
for a bidirectional alternative in data binomially distributed and for the 
detection of a significant change in mcasiiied variables m one direction, or 
the detection of a significant change in measured vaiiables in eithci direction 
without indicating the diicction of the change^® The piesent lepoit con¬ 
cerns the adaptation of sequential analysis to the study of the effects on 
various biologic systems in man of pharmacodynamic agents which may pio 
ducc significant changes in measured variables in one direction or the other 
from the contiol observations, in oidcr to indicate not only significant change 
but also the direction of that change (the two-sided alternative). 

MATERIAL AND METHODS 

Data from three separate clinical studies designed to measure the pharmacod}'nainic 
effects of certain therapeutic agents are described 

Tlie first study invoUed the effects of Toserpmet anil an anticholinergic gastric in¬ 
hibitor (AP 396)} on gastric acidity Patients from the general medical ^vards served 
us sub 3 ects and comprised primari!\ those rcceiith ieco\eied from an acute illness without 
known gastrointestinal tract disease A feu patients with past histones suggesting chionic 
duodenal ulcer and minor upper gastrointestinal tract symptoms ucre included. Follouiiig 
a 12 hour fast, 3 samples of gastric juicc were collected at 15 to 30 minute intervals during 
a to 1 hour control period Attempts were made during the collection of these and 
all subsequent samples to empty the stomach as completely as possible. After the control 
period the agent to be tested, dissolved in 30 ml of water, was administered through the 
Levin tube. The tube was clamped for 1 to 1% hours and then sampling was resumed at 
30 minute intervals for 3 hours (7 postniedication samples) For completion of the study, 
42 subjects were given a placebo, 19 a single dose of 2 5 mg of reserpine, and 22 a single 
dose of 40 mg. of AP 396. The mean free acid, expressed as meq HCl per liter, as de 
termined with Toepfer’s reagent and 01 N NaOH (accuracy ± 5 meq/L), was calculated 
for each subject for the premedication (control) and for the postniedication period, as well 
as the difference between the mean free aeiditj of the control and the postmedication 
periods (the A mean free IICl). The mean free acidity \alue for each of the 3 medication 
groups was also calculated for the control and the postniedication periods (Table I) 

Prom the Experimental Therapeutic Unit of the Department of Medicine Uni\ersity of 
Oklahoma School of Medicine and the Veterans Administration Hospital, Oklahoma City, Okla 
Received for publication March 7, 1957 
•Research Fellow, American Heart Association (1954-1956) 

tBrand of crystalline alkaloid reserpine Rau-sed E R Squibb & Sons, New York, 

N Y. 

JExperlmental antlspasinodic and antigastric secretory drug- (diethylaminoethjl beta- 
hjdioxy x-phen>lcyclohexane-acetate methobromide) , Abbott Laboratories, North Chicago, Ill 
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The second study -was designed to measure the effects of various coinpounds upon 
the level of the blood sugar. The venous blood glucose (modified Somogyi method) 
(accuracy ± 5 mg. per cent) was determined 3 hours after a standard oral glucose load 
(1.75 Gm. per kilogram of ideal body weiglit). On various test days the oral glucose 
load was preceded 8% and 2 hours before by the ingestion of 50 mg. cortisone, 10 mg, 
prednisone, and 10 mg. prednisolone by 21 subjects; on 1 other occasion it was preceded 
by 2 mg. 9-alpha-fluorohydrocortisone by 16 of the same subjects; and on still anotlier 
occasion by 2.0 Gm. carbutamide by 12 of the same subjects. Each of the 21 subjects also 
had a control test (no medication prior to the ingestion of glucose). 


T.vble I 


SUBJECT 

NO. 

FKEE HCl 
MEQ./L. 

2l MEAN' 
FREE HCl 
( MEAN POST- 
MEU. MINI'S 
MEAN CONTROL) 

SUBJECT j 
NO. 1 

FREE HCl 
MEQ./L. 

A MEAN- 
FREE HCl 
(MEAN PO.ST- 
MED. MINUS 
MEAN CONTROL) 

ilEAX 
CONTROL 
(3 OBS.) 

MEAN 
POSTMEB. 
(7 OBS.) 

MEiVX 

CONTROL 
(3 OBS) 

MEAN 

POSTMEB. 
(7 OBS.) 

Placebo 1 

40 

36 

- 4 

Beser- 1 

15 

60 

+4o 

2 

52 

56 

+ 4 

pine 2 

17 

55 

+38 

3 

DO 

58 

+ 3 

3 

13 

39 

+26 

4 

73 

70 

- 3 

4 

15 

45 

+30 

5 

34 

42 

+ 8 

5 

11 

79 

+68 

6 

17 

11 

- 6 

6 

42 

72 

+30 

7 

48 

42 

- 6 

7 

42 

76 

+34 

S 

51 

57 

+ 6 

8 

50 

103 

+53 

9 

51 

39 

-12 

9 

0 

33 

+33 

10 

0 

23 

+23 

10 

50 

69 

+19 

11 

60 

66 

+ 6 

11 

25 

67 

+42 

13 

8 

11 

+ 3 

12 

35 

91 

+56 

13 

2 

16 

+14 

13 

52 

54 

+ 2 

14 

0 

1 

+ 1 

14 

27 

39 

+12 

lo 

5 

0 

“ 0 

15 

68 

92 

+24 

16 

10 

39 

+29 

16 

18 

70 

+52 

17 

25 

26 

+ 1 

17 

18 

60 

+42 

IS 

42 

42 

0 

18 

50 

41 

- 9 

19 

42 

53 

+11 

19 

0 

14 

+14 

20 

7 

28 

+21 

Ecserpino 

28.8 

60.7 

+32.0 

21 

12 

11 

- 1 

ffroup 




22 

10 

34 

+24 

mean 





23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 


Placebo 

group 


45 

15 

77 

28 

18 

75 

13 

27 

53 

23 

45 

63 

27 
53 

28 
10 
40 
22 
35 


51 

46 

36 

51 

36 

76 

32 

63 

46 

51 

51 

79 

9 

56 

48 

21 

29 

54 

69 


+ 6 
+31 
-41 
+23 
+18 
+ 1 
+19 
+36 
— 7 
+28 
+ 6 
+16 
-18 
+ 3 
+20 
+11 
-11 
+32 
+34 


AP 396 


33.0 


41.0 


+7.8 

(Placebo 

control) 


1 

52 

50 

~ 2 

2 

40 

37 

- 3 

3 

65 

3 

-62 

4 

65 

58 

- 7 

5 

23 

3 

-20 

6 

33 

14 

-19 

7 

38 

24 

-14 

8 

30 

21 

- 9 

9 

22 

0 

-22 

10 

23 

3 

-20 

11 

27 

0 

-27 

12 

18 

3 

-15 

13 

38 

23 

-15 

14 

33 

14 

-19 

15 

30 

3 

-27 

16 

13 

3 

-10 

17 

22 

6 

-16 

IS 

20 

13 

- 7 

19 

15 

16 

+ 1 

20 

33 

5 

-28 

21 

38 

1 

-37 

22 

28 

22 

- 6 

6 

32.3 

14.5 

-17.5 


group 

mean 


Note; 
32.3 = -17. 


The difference between 41-33 = ° 

and -17.5 are due to "rounding off" of figures m calculations. 
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The third studj included ob!5er\atioiis on 300 subjects Theie iNere 10 different eje 
drops tested For each medication there were 10 white subjects tested with blue ejes, 10 
white subjects with brown ejes, and 10 Negro subjects with dark e\es The nature of the 
drops were unknown to both the investigators and the subjects Ihe medications esaluated 
uerc normal saline (Placebo 1), 4 per cent bone acid (Placebo 2), 10 per cent Neosjneph 
line, 3 per cent ephedrine, 2 per cent pilocarpine, 0 2 per cent scopolamine, 1 per cent CJclog^l, 
1 per cent atropme, 4 per cent homatropine, iiid 1 per cunt Parednne The pupil size Mas 
measured with a millimeter ruler at a standard distance from the e\c, 3 drops of tho niedi 
cation to be tested were instilled in the e\e, and tho pupil size was again measured 40 
minutes later, using the same technique Identical measurements were also carried out 
on the other eje, which receised no drops The results of tlie GO tests performed on the 
other ejes of those subjects receiving placebo drops were later utilized as tho control 
observations In all, 303 tests weie eventually completed in this studv, an additional 3 
tests being performed in Negroes with dark eyes using 2 ptr cent piloc vrpine 

More detailed information concerning the design and individual observations from 
the second and third studies are presente I m separate reports lo ii 

Tho sequential graphs presented here were all derived fioni the same basic formulas, 
the application of which has been variously desciibed'« and recently further modified ^ 
ihe calculations used for construction of these sequential graphs were identical with 
those modifications described for normally distributed measured variables^ except hero the 
Slope (S) was not subtracted from each value, thus allowing the lines of tho graph to 
remain slanting A sequential graph ao constructed will permit mcasuiemcnt of a sig 
niflcant change in ono direction, as a significant increase over and above the established 
control values However, tho plot lines of a drug inducing a significant decrea'^o and of 
a drug inducing no significant change from the control observations will both cross the 
low’or line of the graph and thus bo icjccted, but will not bo differentiate! one from tho 
other Tins is inherent m the onesided alternative plan In order to further modify 
tho graph to make this latter differentiation, one niav expand the analysis as follows 

The value ni, - nio is known from the first calculation, as is the value of nio (D) Ono 
may then solve the following equation for ni* (where ni is the mean required in the tieatmcnt 
group for indicating a significant decicasc in the values of the measured variables from those 
observed in the control group witli a probability of P = 0 01 when n* = G m# - mj = ni, 

- mo 

Allow a and /? to remain the same, a and b will thus remain the sime and h, and ho will 
remain the same 

Note As an alternativ e method, the value of m, may be arbitrarilv assigned, based 
upon tho past experience of the investigator and his special knowledge in the field of 
study The average number of observations may then be calculated from tho formula 
previously givens -jubstituting n m for n ni, and nip - m, for m, - m# The problem of 
increasing the average number of observations needed foi a decision to an undesirably 
large size exists if one assigns the value for ra, too close to tint of m„ 'We thus prefei 
the method given above for general use (allowing u, [ii m,] to arbitrarily be 6), as it usu 
ally leads to satisfactory clinical as well as statistical significance ind generallv permits 
the average number of observations to remain small 
Then solse for a new slope 

S =: (where S' is the slope of the lower portion of graph) 

Lower line — -ho + S' n 
Upper line = h, + S' n 

Solve again for n = 0, n = 5, n = 10, to obtain 3 plot points for construe 
tiou of upper and lower lines of lower portion of graph 

Note The upper hue of the lower portion of the graph will now mter>cct the lower 
line of the upper portion of the graph The lines ire arbitrarily not diawii to the left of 
the area of luterNCCtion, although they may be so drawn if desired 
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The resulting graph will now outline the zone of indecision and delineate “above,” 
an area indicating a significant increase over the control values; "in the middle," an 
area indicating no significant change from, the control values; and “below,” an area in¬ 
dicating a significant decrease from the control values. 

The abscissa of the graph constructed represents n, (number of observations of the 
test group) and the ordinate represents the S X (the sum of the measured variables in the 
test group). The individual measured variable of each test observation is plotted in sum¬ 
mation fashion, one after the other for each test group as they are sequentially and ran¬ 
domly obtained, until a decision is reached. A decision is reached when the plot line of a 
test group crosses out from the zone of indecision into one of the three areas of decision. 

The data utilized as the control in each of the three studies herein described were 
normally distributed. 

RESULTS 

In the study of gastric acidity, none of the mean “control” (premediea- 
tion) values for free acidity (33.0, 28.8, 32.3) differed significantly from each 
other in any of the 3 medication groups (Table I). In view of the fact that 
the observations obtained after medication provided a two-sided alternative 
(a significant increase or decrease in gastric acidity as compared to the con¬ 
trol) they appeared suitable for the attempt at interpretation by sequential 
analysis, modified as described above. The placebo postmedication period 
demonstrated a slight increase in mean free HCl of borderline significance 
when compared to its premedication control by t-test (P less than 0.1 and 
greater than 0.05) (Pig. 2). The placebo A mean free HCl values were thus 
used as the control data upon which to base the sequential analysis, since a 
significant difference from these values was the object of clinical search. Table 
II summarizes the basic data utilized for construction of all the sequential 
graphs presented in this paper. 


Table II 


UASIC UATA UTILIZED IN 
CONSTRUCTION OF THE 
SEQUENTIAL GRAPHS 


GASTRIC FREE HOI I 
STUDY 1 

BLOOD GLUCOSE 
STUDY 

EYEDROP 

study 

Control group 

n, (number of control 


Data from placebo 
observations 
(A mean free HCl) 

Data from no pre¬ 
medication tests 

Data from observa¬ 
tions on the otlier 
eye of those sub¬ 
jects reeeivmg 
placebo drops 

observations) 


42 

21 

60 

m<, (control mean) 

Sigma (Standard 


-i- 7.8 

78.29 

+0.08 

Deviation) 


15.7 

14.03 

0.91 

nil 


+26.96 

+95.41 

+1.19 



-11.36 

+61.17 

-1.03 



0.01 

0.01 

0.01 

p 

Intercepts; 

1 

0.01 

0,01 

0.01 

llo 


59.18 

52.89 

3.44 

bt 


59.18 

52.89 

3.44 

Slope (upper portion) 
Slope' (lower portion) 


+17.38 

+86.85 

+0.83 

-0.48 


- 1.78 

+68.73 


"When the individual A mean free acidity values (mean postmedication 
minus mean control) are jilotted from Table I for each subject in sequentia 
fashion for each drug treatment group as illustrated in Fig. 1, reserpine is 
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iiccepted as a significant stimulator agent on the first 4 observations, and 
AP 396 is accepted as a significant inhibitor agent on the fiist 7 observations. 

The experiment was continued to gain larger numbeis of observations 
{83 total) in the various medication groups and these results were analyzed 



Fiff. 1 —The seQuentlal ?raph lUustratinff that reserpinc ^^as found to be a signillcant 
stimulator of gastric acidity on 4 observations and AP 396 a si^lflcant inhibitor or gastric 
acidity on 7 observations utilizing the A mean free HCl observations from the placebo group 
as the control The abscissa represents n (the number of observations) and the ordinate the 
L X (the sum of the A mean free HCl of each observation) These are plotted m sequential 
and summation fashion for each subject m each drug test group until an answer is obtained 



TIME n m-i NUMBER Of SUBJECTS 

•p< 0 001 


Fig 2—r.e/t. The mean A free acidity, after all 83 tests were completed, (mean of post- 
medication observations minus mean control) for each time interval for each of the 3 drug 
treatment groups In the control (prcmedlcation) and postmcdication period. Right, The mean 
A free acidity after all tests were completed (mean of postmedlcation observations minus mean 
of control observations) for each of the 3 drug treatment groups The P values are from f- 
tests using the mean A free HCl of the placebo group as the control 
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by a standard statistical technique (itest) The use in the le\el of the 
mean fiee HCl obseived in the leseipiiie postmedication pciiod (+32 0 mcq /L ) 
was significantly different fioni the placebo contiol (+7 8 meq /L ) (P less than 
0 001) and the fall obseived in the AP 396 postmedication peiiod (-17 5 
meq/rj) was also significant ^^lun compaicd to the placebo contiol (P less 
than 0 001) (Fig 2) 

For the venous blood glucose studios, the seqiuntiil giapli was con 
stiucted fiom the absolute values of the contiol data (no piemedication) ac 
coiding to the technique pioMOuslv dosciibed undti Methods The analysis 
utilizing this giaph is piesontcd in Fig 3 The indnidual aalue foi each sub 
ject’s 2 hoiu blood glucose deteimination foi each diug ticatmcnt gioup a\as 
plotted in sequential and summation fashion until an answei was obtained 
When the answer was evident aftei plotting the fiist test a second test was 
plotted to insure that the decision lemaincd unchanged This technique pci 
mitted the conclusion that, complied to the contiol, coitisone induced a sig 
nificant use in blood glucose (only 3 tests icquiicd foi decision), as did 
prednisone and prednisolone (2 tests with each icquiied foi decision), and 
that 9 alpha fluorohydiocoitisone induced no significant chiiigc in blood ghi 
cose fiom the contiol obsenations (7 tests icqinied foi decision) The con 
elusion that caibutamide led to a significant fall in blood glucose was leachcd 
m 5 tests 

The expeiimcnts weie continued until thcie wcic Higci numbeis in the 
^arlou& medication gioups (112 tests total), and the icsults weic then ana 
lyzcd b> the t test Fig 4 summarizes the icsults of these fiuthei studies 
TJic P values foi tlie t tests perfouned iieunit the conclusion that cortisone, 
picdmsone, and piednisolone in the dosages employed, significantly elevate 
the blood glucose 2 houis aftci a standaul oial glucose load compared to the 
control (P less than 0 001 in oieh instanee) and that 2 mg of 9 alpha 
fluorohydiocortisone induces no significant change in the blood glucose value 
eouTpaied to the control (P gieatci than 05) Caibutamide in a dose of 2 0 
Gm leads to a significant fall in the blood glucose Ie\el (P less than 0 001) 

The sequential giapli foi analysis of the ejediop tests, also constructed 
aceoiding to the technique dosciibed nbore, was based on the vaiiation ob 
seived in the 60 control obseiiatioiis earned out lu the othei eyes of those 
subjects leceiMiig placebo diops Fig 5 (uppci half) illustiates that the 
conclusion that scopolamine, atropine, Paiodinie, homatropine, and Cyclog>l 
induced significant mydnasis m white bUu. eyes white bioivu eyes, and Negio 
daik eyes was leachcd in each instance with only 2 to 5 indnidual tests plot 
ted in sequential and summation fashion foi each diug gioup Fig 5 (lower 
half) illustiates that the conclusion that ncithci placebo induced a significant 
change in pupil si/e compaied to the contiol obsoi-v ations in white blue eyes 
white blown eyes, oi Ncgio daik eyes was icacbed with only 7 to 10 tests plot¬ 
ted 111 similai fashion foi each gioup tested Fuithei the conclusion that 
Neosynephunc did induce sigmficmt myduasis in all 3 eye type gioups is 
leached m 4, 2, and 5 tests, lespectnely Of paitieiilai mteiest heie is the 
conclusion that cphediiiie induces significant mydnasis in white blue eyes was 
leaclied in 3 tests, and in white blown ejes in 7 t^sts, and the conclusion that 
it does not induce significant mydnasis in Ncgio daik eyes was leached in 9 
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tests. The coaclusion that pilocarpine induces significant myosis in white 
blue eyes was reached in 4 tests, in white brown eyes in 4 tests, but in Negro 
dark eyes 11 tests were required for a decision. 


WHITE: BLUE £YES WHITE: BROWN EYES NEBRO:DARK EYES 



Fig. 5 .—Upper half. The sequential graph constructed in order to measure significant 
mydriasis, no significant change or significant myosis compared to the control observations. 
Cyclogyl, Paredrine. scopolamine, atropine, and homatropine are found to induce significant 
mydriasis in ail eye types with no more than 5 tests with any drug in any eye-type group 
being required in order to reach this decision. Lower half. The same sequential graph re¬ 
produced and illustrating that the decision that neither placebo induced a change significantly 
different from the control in all eye-type groups was reached on from 7 to 10 tests on every 
occasion, that the decision that bfeosynephrine does induce significant mydriasis in all eye- 
type groups was readied on i, 2, and 5 tests, and that pilocarpine does induce significant 
myosis in all eye-type groups was reached on 4, 4. and 11 tests. Ephedrine was found to 
induce significant mydriasis in white blue eyes on 3 tests, in white brown eyes on 7 tests, 
and was found to be totally ineffective in Negro dark eyes on 9 tests. The abscissa represents 
n (the number of observations) and the ordinate the S X (the sum of the changes in pupil 
size observed in each group after medication). The results are plotted in sequential and 
summation fashion for each drug test group in each eye-type group until an answer is ob¬ 
tained. 

The experiments were contiiiuecl until larger numbers were gathered in 
the various medication groups (303 total) and the results were then analyzed 
by the t-test. Fig. 6 illustrates these results. The mean change in pupil size 
for each drug treatment group is plotted in the upper portion of the graph 
for white blue eyes, white broivn eyes, and Negro dark eyes, as well as for the 
control obseiwations individually by eye type and also combined, and for the 
placebo observations indmdually by eye type. No significant differences be¬ 
tween the results of the placebo tests and, those of the control observations 
were demonsrated (P less than 0.5 and greater than 0.1). Scopolamine, 
atropine, and homatropine, as well as Neosjmephrine, Paredrine, and Cyclogyl, 
induced significant dilatation of the pupil in all 3 eye-type groups (P less than 
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0.001 in each instance), though Cyciogyl and, to a lesser extent, Neosynephrine 
and Paredrine ^vere somewhat less effective in the Negro dark eyes. Ephedrine 
induced significant mydriasis in white blue eyes and brown eyes (P less than 
0.001 in both instances) but failed to significantly alter pupil size in Negro 
dark eyes (P less than 0.5 and greater than 0.1). Pilocarpine induced sig¬ 
nificant inyosis in all 3 eye-type groups (P less than 0.001 in each instance) 
but was considerably less potent in Negro dark eyes (it required 11 observa¬ 
tions to reach a decision here on the sequential graph). 

SmillARY AND CONCLUSIONS 

Three studies involving the measurement of the pharmacodynamic effects 
of various agents on human subjects are presented. A method is described 
adapting the technique of sequential analysis to the interpretation of the data 
obtained in these studies, all of Avhieh included the possibility of a significant 
increase and a significant decrease after treatment from the measured vari¬ 
ables in the control group. The data from the control group in each study 
were normally distributed, a criterion which must be met before sequential 
analysis as herein described can be utilized. 

Eighteen different pharmacodynamic agents acting on 3 widely differing 
Ijodily processes were tested in 498 separate trials appropriately controlled 
by a placebo double-blind technique. In each instance sufficient observations 
were made to allow further analysis of the data by a standard statistical tech¬ 
nique. The sequential graphs, however, yielded valid inferences after a rela¬ 
tively small number of observations, which were in each instance consistent 
ivith the inferences later drawn from the more commonly used and reliable 
#-test. 

The sequential plan described should be applicable in many areas of clin¬ 
ical investigation where measured vai-iables are involved and a bidirectional 
or two-sided alternative exists. Sequential analysis should become an impor¬ 
tant and useful tool in therapeutic research. 
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THE EFFECT OP GRADIENT TYPE HYDROGEN ION 

concentration plates on antibiotic sensitwity tests 

K C ^Y^.T£.o^, MD, MB, ChB, wd M A E BE^^ETT 

Durbvk, South Africv 

T he method of determining bacterial scusitnitj to antibiotics b} the use 
of diied, impicgnatcd filtei paper disks on solid media is standard piocc 
duic 111 ^lan^ clinical laboratoiies Hmvcicr, it is ivell lecognized that a iium 
ber of \aiiable factois ma\ influence the icsiilts ot this type of test These 
include (1) \aiiatioiis in the nature and composition of the medium, (2) tlie 
depth ot the agai, (3) the Indiogeii lou coiiceiitiation of the medium, (4) the 
size and age of the bacteiial inoculum, (5) the duration of incubation, (6) 
the amount of siuface moistuic on the agai, and (7) the concentiation of 
antibiotic m the filter papei disk Each of tliese factors independent!} oi in 
combination maj affect the final icsult and close attention to technique is re 
quired if accurate and lepiodueible results aic to be obtained 

Of these \aiiablc factors the influence of changes in the pH of the me 
dium IS of consideiable impoitanec The present stud} wan undertaken iii Mew 
of the obseuation of conflicting lesults obtained with diffeient batches of agai 
These weic found to be due to diffoi cnees in tlie final pH of the media The 
method emplo\ed consists of a modification ot the giadientt}pe agai plate 
deseiibed b\ Sz\balski^ The plates weie piepaied accoiding to the method 
of Sacks*, the gradient pH was pioduced b} the incoipoiatiou of difteient 
buffci solutions 

'\[MERI\LS VND METHODS 

—Stock solutions of crystalline pcnicUliu G (1,000 units per milliliter), 
clilortctracycline, oxytetracycline, tetracycline, streptomycin sulphate and chloramphenicol 
(each 1,000 fig per milliliter) were prepared in sterile distilled water Solutions of erythro 
myciu and spiramycin were prepared by diASoUing oO mg of the pure substance in 1 0 ml 
of etharol and then diluting with sterile distilled water to a final concentration of 1,000 /ig 
per milliliter 

Tlie stock solutions were stored in the Deepfreeze anl suitable dilutions weie preparel 
in sterile distilled water as required The potency of the stock solutions remained constant 
durmg the period of the m^cstigafion 

Gradient pH Plates —Sterile molar solutions of KjHPO* and KH PO« were prepared 
The former was added to 10 ml of melted and cooled nutrient agar (1 10 v/v) which was 
then poured into a sterile Petri plate The agar was allowed to sohdify with the plate held 
m an inclined position o that a wedge shaped area of agar was produced Tins was most 
conveniently done by resting the bottom of the plate near its center, oii a piece of glass 
tubing A Second aliquot of melted agar containing KH PO, (1 10 v/\) was then poured 
on top of the first layer with the plate held m a horizontal position Diffusion of the buffer 
solutions took place rapidly bt.twecn the two layers and the plates were ready for use in 2 to 3 
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hours. The range of pH across the plates was determined by laying strips of filter paper 
containing indicator solutions, across the surface. The method gives a satisfactory and 
uniform change of pH from approximately 5A on one side to 8.0 on the other. 

All plates were used on the day of preparation although it was found that storage 
for 36 hours at 4.0° C. did not affect the results. 

Filter Taper Strips. —Sterile strips of filter paper (Wliatman No. 42), 87 mm. by 6 mm., 
were cut and soaked in the appropriate antibiotic solution. The excess fluid was allowed to 
drain off and the strips were then placed across the central portion of the gradient plates, 
following inoculation of the plates with the test organism. 

Inoculmn. —The bacterial inoculum consisted of 6 drops of a 6-hour digest broth culture 
added to 3 ml. melted and cooled 1.0 per cent nutrient agar. The agar was then poured 
across the surface of the plate and allowed to solidify. Most of the tests were carried out 
with Staphylococcus aureus (Oxford strain). A number of other organisms were also tested 
and gave identical results with the antibiotics to which they were sensitive (Salmonella 
typlii, Escherichia coli, etc.). 

All plates were incubated overnight at 37.0° C. and the results noted. With each or¬ 
ganism a control gradient plate was included, omitting the antibiotic, to make certain that 
growth was equal and satisfactory over the pH range. 

RESULTS 

Figs. 1 to 10 show the patterns of inhibition produced with the various 
antibiotics and with varying concentrations of the same antibiotics. 

1. Comparison of Different Antibiotics. —It will be seen that the various 
antibiotics fall into three main groups according to the nature of the zone of 
inhibition. 

Group 1 (Pigs. 1 and 2) consists of penicillin and chloramphenicol. Here 
the degree of diffusion is more or less equal over the whole pH range so that 
the gromng edge of the inoculum is parallel to the antibiotic strip. At pH 
levels below that of the gradient plates penicillin was found to have a more 
marked effect since it is a fairly strong acid. In the case of chloramphenicol 
(Fig. 2) there is an appearance of a larger zone of inhibition at both edges 
of the plate. This appearance was noted with other antibiotics and is probably 
the result of two factors; (1) the buffering effect is poor at the edge of the 
plate and (2) the thiclcness of the agar is less than in the rest of the plate 
due to the curvature of the bottom. This latter point was investigated further 
by preparing agar plates with the agar sloped across the plate in a wedge shape. 
Antibiotics strips were then placed on the surface as described above and the 
plates inoculated. Diffusion was found to be considerably more marked in the 
thin section of the agar. 

Group 2 (Figs. 3 to 9) consists of those antibiotics whose effect is most 
marked on the alkaline side, i.e., streptomycin, erythromycin, and spiramycin. 
Group 3 is represented by chlortetracycline (Fig. 10) where the maximal ef¬ 
fect is on the acid side. Tetracycline and oxytetracycline were found to give 
similar patterns of inhibition to chlortetracj’-cline. 

2. Effect of Varying Concentrations of Antibiotic. —A comparison of Figs. 

3 and 4; 5, 6, and 7; and 8 and 9 shows the effect of varying the concentration 
of antibiotic. \Yith those drugs whose effect is most marked on the alkaline 
side, the effect of decreasing concentrations is to increase the pH level at which 
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the end point of no inhibition of growth is apparent With increasing eon 
centration there appears to be a diiect relationship between the percentage 
inactivation of antibiotic and its concentration, at anj particulai pH le\el 


Fig: 1 


Fiff 2 



Fie S Fig 4 

Fie 1—Effect of penicillin (100 units per milliliter) incorporated m strip Vc = acid 
sile of plate There is practically no difference in the zone of inhibition in the acid and 
alkaline regions Test organism Staph aureus yar Oxford 

Fig 2 —Chloramphenicol at a concentration of 1 000 >ig/ml Here the zone of inhibition 
IS considerably narrower than in Fig 1 but othemise has similar features Test organism 
Staph aureus \ar Oxford 

Figs 3 an 1 4—The antibiotic strip in Fig 3 contains oOOO pg/ml of streptomycin 
sulphate and 1 000 iig/ml In Fig 4 Pig 4 shows complete resistance of the test organism 
{Staph aureus yar Oxford) In the acid region 


Hotvetci, cliaiiges in the concentiation do not appear to affect tlie size of the 
angle of the zone of inhibition from the stiip This is particular!) well shown 
in Figs 5 and 6 where a tenfold increase in concentration has nierelj altered 
the pH level at which no inhibition of growth becomes apparent 
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strips where they had been in contact with the alkaline side of the agar, as iu 
the case of the tetracycline drugs. The effect of an unsatisfactory hydrogen- 
ion concentration was thus to inactivate the antibiotic and not merely to hinder 
its diffusion. 

DISCUSSION 

The very wide differences which exist in the optimal hydrogen-ion concen¬ 
tration for activity in the ease of the different antibiotics, indicates clearly the 
importance of strict control of the pH of the medium employed. 

False impressions may otherwise be obtiiined regarding the likely effect 
of an antibiotic in vivo. This is particidarly the ease where the concentrations 
employed in sensitivity tests in vitro bear little relation to the concentrations 
Avhieh are attainable in the blood and tissue fluids. 

Among the basic antibiotics other than streptomycin, both streptothricin 
and proactinomycin are also more active with increase of pH. In the case of 
the latter for example Geiger and associates^ have shown that an increase of 
pH from 6.5 to 7.5 has an effect equivalent to a fourfold increase in the con¬ 
centration of the antibiotic. With regard to penicillin, Stokes'* states that tlie 
zones of inhibition do not vary between pH 6.0 and 8.0. This agrees with our 
observations (Fig. 1). Foster and Woodruff,® however, found that a shift of 
pH from 7.0 to 5.5 resulted in an apparent threefold increase in effect in the 
case of penicillin. 

The choice of an antibiotic in the control of a focus of infection depends 
on factors involving host-parasite and host-drug relationships in addition to the 
demonstration of sensitivity of the causal organism. Changes in hydrogen-ion 
concentration in various parts of the body, for example, may be great enough 
to influence the activity of the antibiotic. In the case of a urinary infection 
it is obviously essential to render the urine alkaline if streptomycin is to be 
given. Such a procedure would be contraindicated, however, if the tetracycline 
drugs were to be employed. Similarly, whei’e there is a focus of necrotic tissue, 
produced as the result of infection, the pH of the region tends to be highlj" acid. 
In such a situation a drug of the tetracycline group may prove to be more 
effective than one whose optimal activity lies on the alkaline side. In the case 
of systemic infections where the effect of the antibiotic is dependent on its 
activity in the blood and tissue fluids at pH of approximately 7.4, it would seem 
that relatively greater amounts of the tetracycline drugs would be required 
than in the case of streptomycin, eiythromycin or spiramycin. The relative 
ineffectiveness of the tetracycline drugs in typhoid fever as compared with 
chloramphenicol may partly be explained by the fact that the pH of the tissue 
fluids and blood will tend to decrease the activity of the former. In vitro 
estimations show that the minimum inliibitory concentrations of these antibiotics 
for S. typlii are very similar, indicating that host factors are of great importance 
in determining the effect of antibiotics in vivo- 

The principle of the gradient-type plate has been applied to other types 
of investigation. Sacks® made use of it to study the effect of varying pH levels 
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on the g^o^^th of organisms Streitfeld and Saslaw® ha\e desciibed a modifica 
tion for deteimining the sensitivity of organisms to paiied combinations of 
antibiotics 

SUilil \R1 

1 The effect of antibiotics, at varying h>diogeiiion concentrations on 
Staphylococcus auieus (\ar Oxfotd) is described The method emplojed con 
sisted of a gradient type pH plate 

2 The results indicate the importance of adequate control of pH in media 
^\hlch IS to be used for determining scnsitiMty of organisms to antibiotics 

We are indebted to May & Baker (SA) for a supplj of pure spiramjcm and to 
Parke, Davis L Co, for the pure elilonmphenicol 
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LABORATORY METHODS 


NEUTEON ACTIVATION ANALYSIS OP SODIUM IN BLOOD SEEUM 

Eichard P. Spencer, Lieutenant, SIC, USNR, A.B., M.D., Thojias 6. SIitchelr, 
Lieutenant, MSC, USN, B.S., M.S., and E. Eichard King, 

Captain, MC, USN, B.A., 3I.D. 

Bethesda, ]\Id. 

N EUTEON activation analysis offers an essentially nondestructive means of 
quantitatively estimating certain anions and cations. As part of an in¬ 
vestigative program on the applications of neutron activation analysis to biology 
and medicine,' this laboratory has studied the determination of sodium in blood. 
The procedure has been found to be rapid and reproducible, and has the added 
advantage of entailing minimal handling of the specimen. Since the material 
is not con.sumed, it may be reassayed or used for other studies. 

The steps involved in the operation consist of: irradiation of a sample in a 
loiv intensity neutron flu.v, measurement of the induced radioactivity, and com¬ 
parison of the radioactivity with that of a standard handled in identical fashion. 
This report describes the method and the results obtained after “contaminating ’ 
short half-life isotopes have decayed. 

principle 

When tissue is exposed to a neutron flux, interactions occur between bombardiiiB 
Xrarticles and target nuclei. With fast neutrons, multiple nuclear events, such as («,/)> 
(n,p), and (n, 2n), can occur. However, when thermal neutrons are employed, they aimosl 
exclusively engender (n,y) interactions, and other processes may be neglected. FoUowiMb 
thermal neutron bombardment, radioactivity induced in any particular element witln“ 
the specimen is given by the expression!: 

(1.63 X 10-3) n . a A . AV . f . (I - e-X t,) (e-X t.) i 

yx = x; 

A1 is the activity in microcurie.s; n the flux in neutrons per square centimeter per seconh 
a A the isotopic neutron capture cross section in barns; W the weight of Che element m 
grams; f the fractional abundance of the precursor isotope in the element; A, the atomic 
weight of the element; X the disintegration constant of the product radioactive 
t, the time of sample e.xposure to the neutron flux; and t, the interval elapsed fro"’ 
ce.ssation of irradiation to the beginning of analysis. 

Equation 1 can be solved for the neutron flux (u = XI.A,/ etc.). Hence 
rial of known composition and an unknown are exposed to the same dux, they . 

From the Radioisotope Laboratory, U.S. Naval Hospital, and the :todiQisotope Sciio 
U.S. Naval Jledical Scliool, National Naval Medical Center. Bethesda, Md. reflect 

The opinions expressed herein are those of the authors, and do not necess.iri, 
the views of the Medical Department, or the Naval Service at large. 
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equated If both samples were subjected to an identical flux for a similar time lUttrNil, 
and then analyzed simultaneously, thej would be related by the expression 

Ma Mn ^ 

Ws = Wu 

where "M is the radioactivitj, W is the weight of the element, a represents the standard, 
and u represents the unknown In other words, the radioacti\it\ induced under such 
conditions would be proportional to the quantity of material onginallj present 

When only one device for detecting radioactivity is present, the standard is analyzed 
first, and the unknown is usuall} counted subsequcntlj In this situation, the more gen 
eral one, nctiiitj in the standard must be corrected to the time the unknowm is counted 

Vs (e A to) ■\fw 3 

Ws \\ u 

The time elapsed between the onset of analysis of the standard, and the beginiiiiig of the 
same procedure on the unknown, is represented by t* 

Equation 3 13 the mathematical expression used in the present analjsi<« The measure 
ment of the radioactivitj present raaj be performed bj anv suitable device and expressed 
m anj units, as long as the same method is utilized for the standard and the unknown 
Two tcchiiiques for determining radioactivity were employed counting in a well type 
scintillation counter, and utilizing the area under the gamma ray spectral curve 

METHODOLOG\ 

Samples consisted of dried human serum of known composition * Polyethylene tubes, 
whose outer dimensions measured 15 x 35 mm, were viashed in nitric acid and distil/ed 
w’ater, then air dried Each sample was placed in one of these containers, and heat sealed 
lubes wore again washed, to remove contaminants resulting from handling 

Loaded tubes were placed m a polyethylene bag and lowered into the glory hole of 
a pool typo nuclear reactor t Flu-^ densities varied from 2 x 10 neutrons/cm Vsec, to 
2 X lOo Beasons for this choice of values (which include their availability from small 
nuclear reactors, Van de Graafl—beryllium sources and radium—beryllium systems) have 
been presented elsewhere i Time of irradiation was 20 to 60 minutes, depending upon the 
flux 

The actual value of the neutron flux can be calculated by inserting a known weight 
ot sodium or other foil into the reactor, measuring the induced radioactivity after a 
known period of time, and substituting in equation 1 Practically however, this step is 
of no consequence, since standard and sample are both subjected to the same flux 

After irradiation, samples were counted in a well type scintillation counter, aud 
then further analyzed in a Isuclear Model ISIO pulse height analyzer and well type crystal 
The base hue voltage of the analyzer was continuously varied by a motorized potenti 
ometer Pulses within 10 volts above the base line were fed through a scaler and rate 
meter to a rectilinear recording galvanometer The potentiometer was driven at a rate 
of 1 turn/50 minutes The time axis was also the axis of baseline voltage, and a dis 
tance of 10 inches on the recording paper corresponded to scanning from 0 MEV to -4 
VEV 

The area under the gamma ray curve, rather than peak height measurement, was 
utilized for estimating the quantity of radioactivity This was done for two reasons 
First the height of a particular peak, might partially bo due to the photo emission of a 
contaminant When averaged over a larger total area such a contribution becomes neg 
ligible Secoud, when using a narrow discrimination (a window only one volt wide) the 
peak height may not bo perfectly linear, this must be checked for each system used 

' Noiso^’ on the gamma ray spectrometer is low As long as the 1 K or a higher 
‘'cale IS Used on the count rate meter, no correction is necessary for background recorded 

•Versatol T\ arner Chilcott Laboratory Supply Di\ision Horns Plains N J 
tWe are indebted to the Staff of the Nuclear Reactor Project Naval Research Laboratorj 
Anacostia Md for the service irradiations. 
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by the gamma ray spectral curve. When the 300 scale is emploj'ed, a background cor¬ 
rection is necessary. Eadioactivity induced in the polyethylene tubes was negligible, and 
possessed a short half-life (perhaps CDs), j^o counts from the container registered at 
the sodium photoelectric peak. 

To calibrate the apparatus, Nasr of known activity (purchased from the A.E.C.) 
was utilized. The system was also calibrated for internal stability and reproducibility, 
by introducing a small concentration (about 0.1 microcurie) of Na^r, and obtaining re¬ 
peated gamma ray spectral curves. The area under each 50-minute tracing should have 
been 0.963 times the area under the preceding curve (0.963 represents the decay of Na-i 
during 50 minutes). In Table I are listed the measured, as well as the theoretically calcu¬ 
lated areas during a trial run. The error in calculating the successive areas by use of a 
planimeter (vide infra) was below 2 per cent. 


T.U3LE I. Are.\. Beneath Gamma Eay Spectrum op a Sample of Na^'*, Obtained by Having 
Spectkometeb Trace Repe.vted 50-minute Curves 


TIME IN 
MINUTES 

AREA IN SQUARE INCHES 
THEORETICAL 

measured I 

DIFFERENCE 

IN SQUARE 
INCHES 

DIFFERENCE 

IN 

PER CENT 

0- 50 

— 

7.81 

— 

— 

50-100 

7.81 X (0.903)1 =: 7.52 

7.41 

0.11 

1.5 

100-150 

7.81 X (0.963)2 = 7.24 

7.29 

0.05 

0.7 

150-200 

7.81 X (0.963)3 = 0.97 

6.90 

0.07 

1.0 

200-250 

7.81 X (0.963)! = 0.71 

6.63 

0.08 

1.2 

250-300 

7.81 X (0.963)5 = 6.46 

6.40 

0.06 

1.0 


Theoretical calculations! have indicated that exposure of 33 mg. sodium (the ap¬ 
proximate quantity in 10 ml. serum) to a flux of 2.5 x 10s neutrons/cm.Vsec. for a period 
of oue hour, will result in the production of 0.14 pc of Nasi. To test the ability of the 
recording system to distinguish between different quantities of radiosodium, quantities 
of the isotope varying from 0.05 to 0.35 pc were employed. 



A result of such a study is shown in Fig. 1. The lower curve represents the spectrum 
obtained utilizing 0.070 pc Naa-i. Instrument settings were: analyzer: gain 1, 1 volt 
window; count rate meter: 10 second response, 10 K scale. By means of a Keuffel and 
Esser (4236) compensating polar planimeter, the area under the curve was determined. 
The “cutoff point’’ on the graphs has been considered to be the end of the photoelectric 
peak corresponding to the 2.75 MEV gamma ray. It must be recognized that decay was 
also occurring throughout the 50-minute scan, but this is neglected in subsequent calcula¬ 
tions since the same decay was occurring during the tracing of later sample.s. That is. 

_ Y (Amount in B) 4 . 

Amount in A (Decay during 50 minutes) = (Decay during 50 minutes)' 
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For the particular curve illustrated, the area was 3 89 square inches Fiftj minutes 
later, due to radioactive decaj, the area traced would have theoretically been 

A = A* e ^ t 

A = (3 89) (e 0 0102 x 0 833) 

A = 3 74 square inches 

The factor 0 0462 is the disintegration constant of Na 2 < expressed in reciprocal hours, and 
0 833 IS the decimal equivalent of 50/60 hours 

The upper curve in Fig 1 (enclosing 7 35 squaic inches) is the spectrum from 0 14 /ic 
Na 2 i, run 50 minutes after the first tracing Twice the corrected first area (representing 
0 07 /ic) should equal the area under the second curve (representing 014 /ic) Thio it 
7 3a 

does, within - q - ^ — x 100, or 98 2 per cent Errors in pipetting, recording radioactivity 
by tlio spectrometer, and determining the area with a plauinicter, were less than 2 per cent 
On repeated trials, the error has not exceeded 3 per cent 

IMien pure samples are emplojed, counting m a well type scintillation counter is more 
conicnient and expedient than use of a gamma ray spectrometer However, if there is un 
certamtj as to the number of radioactixe constituents in a sample, gamma raj spectral curies 
are essential Hence, in the initial experimental work, a spectrometer was emplojcd This 
method is applicable to any gamma emitting isotope As will bo showai, 12 liour«j after 
irradiation of blood serum, Na^* la the onlj major gamma ray emitting isotope remaining 

RESULTS 

Aftei one houi bombaidmcut of 10 ml scrum of uoimal composition by a 
flu\ of 2 5 X 10® neutions/cm "/sec, (he following gamma ray emitting isotopes 
are present® to the extent of 30 disintegrations per minute (dpin ) or greater 
Na"‘, CP®, Bi®®, Bi®°“, Br®®, I®®®, K*®, Ca‘®, Cu®*, Cu®”, Mg®', and depending upon 
the initial concentration, peiliaps Co®®” and Mn®® (m refers to the first of two 
metastable isomers) Thus, the area under the gamma ray curve immediately 
after neutron bombardment, contains contributions from a multitude of radio 
nuclides The general shape of the cun e is that of pure Na®*, although its area 
IS not determined by radiosoduun alone Estimation of tlie quantity of sodium 
originally present in the specimen cannot be aceuiately performed by estimating 
the aiea bounded by the curve, since that quantity is a complex representation 
of many isotopes 

Table II Gamma Emitting Isotopes Bcmaining 12 Houns After Bombirdment op 10 ml 
Serum* by 2 5 x IQs Neutbons/cm VSec , for One Hour* 


ISOTOPE 

Half life 
IN HOURS 

OAMMxt 
F\CTOR 

D P M XT 
Tl2t 

TOTAL 

GAMMX/MIN 

RATIO 100 X 
GAM1[\,/HIN ISOTOPE 
QAMMA/MIN NA’^ 

Na2* 

15 0 

2 00 

184 640 

369,280 

100 00 

C138 

0 62 

0 47 

2 

1 

0 00 

UrSOm 

4 6 

2 00 

38S 

776 

021 

Br82 

3o9 

1 00$ 

215 

215 

0 06 


12 5 

0 20 

983 

196 

0 05 

Cu6* 

12 8 

0 3811 

116 

44 

0 01 


Na”! 

cimma/min 

360 280 




Total gamma/mm 

- 370 512 



• Vssumed composition of the serum sodium 33 me chlorine 34 mg bromine 0 1 mg 
potassium 1 6 mg copper 10 ’ mg 

tAxerage number of gamma rays per dlsintegrition 

{Disintegrations per minute 12 hours after remoxal of the sample from neutron flux 
SAssumed value may be in error 

IlDue entireJj to positron anniliilation Br»* refers to the first of t\ o met ist'iblo foinis 
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Twelve lioiu's aftei’ removal of the sample from the neutron flux, the “con¬ 
taminating” nuclides have markedly decreased (Table II), Prom the Table, it 
can be observed that gamma rays from Na’* constitute nearly 99.6 per cent of 
the gamma emissions from the irradiated blood serum. The quantitj' of sodium 
originally present in the sample may then reasonably be calculated by determin¬ 
ing the radioactivity at this time, and substituting into ecpiation 3. 

Any suitable detection device could have been used to count the 12-hour 
specimen. Use of a web-tjTie scintillation counter gave good results. A gamma 
ray spectral curve was obtained on this specimen simply to rule out the possi¬ 
bility of a contaminant being present. As an example; twenty-one hours after 
the exposure of 10 ml. dried human serum (containing 32.5 mg. sodium) to a 
flux of 1.29 X 10'* neutrons/cm.=/sec. for thirty minutes, the gamma ray spectrum 
was obtained. Instrument characteristics were: analyzer: 1 volt window, gain 
1; count rate meter; 2 second response, 3 K scale. Area under the curve was 
5.88 square inches. An “unknown” that had been subjected to the same flux 
for an identical period, was then (50 minutes after the start of the first sample) 
placed in the gamma ray spectrometer. Ai-ea under this curve was 5.18 square 
inches. By use of Equation 3 -. 

5.88 _ 5.18 

32.5 mg. Wu 

Wu = 29.7 mg. Actual weight of sodium in the unknown sample was 30.1 mg. 
(determined by the manufacturer, employing flame photometry). Agreement 
between the values obtained by activation analysis and by flame photometry was 
29 7 

X 100 or 98.7 per cent. 

Presented in Table III are sLx consecutive anal3’'ses of sodium in dried 
blood serum as obtained by activation, and the corresponding value by flame 
photometry. Difference between the two techniques was less than 3 per cent. 


Table III. Estimation op Sodium in Blood Serum by Neutron Activation Analysis, as 
Compared W'itii Flame Photometry. Samples Eon 12 to 21 Hours 
Aster Completion op Ieradi.vtion 


SODIUM IN MO. 

difference 

fdamb 

PHOTOMETRY 

ACTIVATIOX 

analysis 

IN MG. 

IN PER CENT 

16.3 

16.5 

0.2 

1.2 

20.S 

20.3 


2.4 

25.9 

26.3 


1.5 

30.1 

29.7 


1.3 

30.1 

30.1 

0.3 

1.0 

32.5 

32.9 

0.1 

1.2 


DISCUSSION 

Neutron activation analj’sis is an essentially nondestructive analytic pro¬ 
cedure. Even if the neutron flux induced protein denaturation, there would 
be no interference with the analysis of radioanions and radiocatious, as long as 
the entire specimen was coimted. An infinitesimal number of nuclei, when com¬ 
pared with the total nvunber in the sample, are made radioactive by neutron 










Volume SO ANALYSIS OF SODIUM IN BLOOD SERUM 651 

Number + 

bombardment. Ilencc, tlie material may be assaj'cd repeatedly, or used for 
other tests. A sodium analysis can be performed on blood scrum, and the sam¬ 
ple ivill still be intact for later studies. Studies have also been periormcd usin*' 
liquid plasma and serum. Aside from the fact that tliey require more space in 
the nuclear reactor, they give results identical to those obtained from dried 
serum. 

The predominance of the gamma emission may be taken advantage of 
in additional ways. Thus, by shielding the sample, to reduce tlie activity of 
other gamma rays, and counting at the 2.75 MEV photoelectric peak, it is possi¬ 
ble to obtain an estimation of the quantity of radiosodium after a period of 
irradiation as short as ten minutes. Our experience with this is limited but has 
been promising. Reiffel and Stone- used a somewhat similar teclinique for esti- 
jnating sodium in muscle. If sodium is but one of tlie electrolytes to be quanti¬ 
tated in serum, the irradiated sample 11133 ' fractionated 1 ) 3 ’’ means of suitable 
anion and cation exchange resins. This technique has proved useful, and is 
being investigated furtlier. 

Tlie gamma ray spectrometer—area technique, as discussed, is applicable 
to 3113' ganuua emitting isotope. The procedure is of great value when a radio¬ 
contaminant is suspected. First, the gamma ray peak characteristic of the 
foreign material ma}’- perhaps be detected. Second, the area beneath the curve 
should diminisli, on successive tracings, according to the decay scheme of the 
isotope studied. If it does not, a radiocontaminant is present. 

Two techniques may sliorten the counting time required. These are: use 
of a multiclianncl analyser (or counting at the desired photoelectric peak), and 
the employment of a scintillation w'ell-t 3 'pc counter. The multichannel anal.vzcr 
rapidly produces the desired scan. If counting is performed only at one photo¬ 
electric peak, care must be talceii that the response is truly linear at this point; 
if not, a calibration curve must be constructed. Well-type scintillation counting 
is rcadib' performed, but it entails the danger of detecting counts from con¬ 
taminants. Still another approach to the problem is to separate sodium from 
the other blood constituents, either before or after irradiation. 

In addition to sodium, isotopes of chlorine, bromine, iodine, potassium, 
calcium, copper, magnesium, and possibly cobalt and manganese ai-e produced 
to the extent of 30 d.p.m. or greater b 3 ' the exposure of 10 ml. serum to a flux 
of 2.5 X 10* neutron.s/cm.Vsec. for one hour. Quantitative estimation of these 
materials is Iheoreticall}' possible if complete separation were possible. Brythro- 
e 3 'tes, witli a low sodium content, may be directlj' anal 3 'zed b 3 ' means of neutron 
activation analysis, and data will be presented in a later report. 

SUM^IABY 

1. A relationship is derived indicating tliat radioactivity induced in an ele¬ 
ment common to a .standard and an unknown, following identical neutron 
bombardment, i.s proportional to the weight of material originall 3 ' present in 
each, if correction is made for the time difference between the analyses. 
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2. Twelve hours after irradiation of the solid material from 10 ml. serum, 
by a flux of 2.5 x 10® neutrons/cm.Vsee. for one hour’, 99.6 per cent of the gamma 
emissions present are due to Na-‘. 

3. Utilizing the amount of radioactivity in the 12-hour postirradiatioii 
specimen, the quantity of sodium present in sei’um may be estimated. Eesults 
agree within three per cent with values obtained by flame photometry. 

4. A technique of estimating the area beneath the gamma ray spectral 
curve of an isotope is described, and its use discussed in detecting radiocontami¬ 
nants or estimating the quantity of activity. 

5. It is concluded that neutron activation analysis may be used to determine 
sodimn in blood serum. The method is essentially nondestructive, and may be 
performed on samples which must be saved for other determinations. Exten¬ 
sions of the procedure are mentioned, including a technique for the rapid esti¬ 
mation of sodium, and one for the fractionation of serum into its component 
radioanions and radioeations. 
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A "WELIi SCINTILLATION COXJNTBK FOR lilPROVLD VOLUilE 
EFFICIENCY 

"William J MvcIxtire, Ph D , \nd James H Christie, I\I D 
CLE^^LV^D, Ohio 

I N THE use of a ^^eU scintillation coimtei to assay iaclioacti\e samples foi 
\auoiis cluneal tests, it lias become lucieasmgly impoitant to employ \olumes 
111 the lange of 2 to 10 ml Vaiious techniques imohing the detcimmation of 
plasma le\cls of piotem bound aftci the admu istiation of tiacer doses lia\e 
indicated the ad\aiitage of utilizing these largei samples T^^o t\pical tech 
niques used in this laboiatoij foi such dcteiminations include tlio method of 
Alorton^ foi sepaiating butanol evtiactable from plasma and the method of 
Lain and Tabein'* for separating piotem bound I*®* fiom the plasma iodide b> 
ion CAchange lesin Foi low lc\el dctcimmations it has been desiiablc to detei 
mine the ladioactivitj denied fioin at least a 4 ml plasma sample, which has 
entailed analyzing a tolume of 8 ml foi the butanol e\tiaction method and 7 
ml when the lesin technique is employed 

In addition there are lanous samples which contain the radioactivity in a 
nonhomogenous distubutiou that may laij during the period of assay An 
example of this is the measurement of whole blood \olume by such agents as 
lodinated sciuni albumin or Cr’* tagged red cells When these whole 

blood samples aie assajod in a well scintillation countei the red cells will, of 
course settle to the bottom of the tube while the serum is rising to the top 
This presents a continually changing sample geomctiy to the well counter tint 
can be aioided only by taking short period assajs oi ha-ving a well counter 
lelatnclj independent of sample \oIumc oi distiibution 

Since the con\entional commercialh a\ailable thallium activated sodium 
iodide well crystal exhibits a loss of efficiency foi samples much over 2 ml it 
would seem desirable to constiuct a well countei capable of handling laiger 
\olumes and exhibiting much less dependency on sample ^olume or distribution 
This has been approximated by the well countei of Baskin, Demorest, and 
Sandliaus® wlucli showed both decreased volume dependency and the ability to 
handle volumes of 20 ml oi nioie This countei, howevei, is not as efficient as 
the comentional well erjstal until the sample lolume exceeds 5 ml Since 
many applications will still employ rolunies less than 5 ml theie is a leluctance 
to lose the gieater efficiency of the smallei well countei Foi this leason a 
modification in these well dimensions has been made so that the laigei well will 
exhibit the same absolute efficiency as the smallei well, handle laigei xolumes, 
and sliow dcci eased \olume dcpcndcnca 

From the Radioisotope Laboratory Highland View Hospital ind Oie Department of 
Raholog> Western Reserve University Cleveland Ohio 
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Botli NS ell counters ssere shielded on all sides with approximately 2 in of lead for a 
total height o± 9 in Bad ground of the smaller well counter aseraged 2 j 0 cpra as com 
pared to 350 c p m for tho larger unit The preamphfier‘5, photomultiplier tubes, and scalers 
used \Mth each exhibited similai characteristics throughout 

RESULTS 

A eompaiison of the rclatne counting efficiencies of these variously sized 
well counteis with lespcct to sample tolume is shown in Fig 2 The lesponsc 
of the comentional well counter to a 0 01 /ic sample of P” in a \olume of 0 5 
ml has been noimalized to 100 pei cent The fall off of efficiency as the same 
actiMty IS assayed in sueeessi\ely larger \oliimes is then a leflection of both 
lessei gcometiic efficiency as well as the self absoiption of tlic gamma rays in 
tile liquid itself 

For piactieal clinical assajs the ad\antages of the larger unit aic shown in 
Table I Relatne counting rates as obtained fiom a 6 ml and an 8 ml whole 
blood samples fiom a patient injected with 10 jnc of lodinated seium 

albumin aie sliown as counted with botJi the smallei and largei well crystals 


Table I Compvrison op Relative EppiciENor and Volume Dependency foe Whole Blood 
Assay Followino 10 nc Intbavenoos Iodinatep (I^^^) Serum Albumin administration 


6 ML WHOLE 

BLOOD SIMPLE 



Counted immediately 

12,600 

18,750 

After standing hour 

11 3o0 

18,450 

After centrifuging 

8 900 

18,200 

8 m 

Whole Blood Sample 


Counted immediately 

13 850 

24 200 

After standing ^ hour 

12 200 

23 700 

After centrifuging 

7 800 

23 000 


DISCUSSION 

The advantage of impioved efficiency is shown in Table I in which it is 
noted that while only a small inciease in counting rate can be obtained by 
increasing sample volume from 6 ml to 8 ml iii the small well counter, tho 
larger well exhibits an increase of about one third in counting rate for a similar 
increase in volume The second advantage observed is the volume independence 
of the latter unit indicated in the counting rates of the same blood sample after 
standing 30 minutes and after centrifuging At this time the red cells have 
predominantly settled to the bottom and the plasma risen to the top, dependent 
upon sedimentation rate and bematoent In the patient cited the hematocrit 
was 39 pel cent and the sedimentation rate was 12 mm /hr Since the volume 
dependence of the small unit is fairly critical this separation has caused a 
deviation as large as 10 per cent after standing while the largei unit has shown 
essentially negligible variation 

SUMMARY 

1 An improved well scintillation counter has been designed for counting 
radioisotope samples in volumes of 3 to 20 ml with an appreciable increase in 
efficiency over the conventional well counters used with the«:e volumes 
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2. The relative volume independence of this unit has indicated its useful¬ 
ness in producing a stable assay with samples which contain the radioactivity 
in a nonhomogenous distribution that may vary during the period of measure¬ 
ment. 

We wisli to tliavk Alias June Dockery for her assistance in these measurements. 
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STLD\ or PAPER ELECTROPHORESIS COMPARISON WITH 
SALT PRECIPITATION OP SCRLM PROTEIN FRACTIONS 
Ch^blotteM Ka.plvn, B S , Hvrr\ P Weisberg,* M D vnd Lois Dow, M S 
Chicvco, III 

W HEN the Spinco Model R paper electiophoresis appaiatus was intro 
dueed into oui laboratoi*j, we compared tins teelnuque with oui stand 
aid procednic of piotcm fractionation, a modification of the ielati\elj simple 
IVolfson and Cohn^ method In addition, the ieco\eries of laiown solutions of 
albumin and gamma globulin and the " tailing** effect of albunun in the papei 
electiophoicsis sjstem were determined The present paper descnbes these 
studies, cmphasizuig the compaiison of the clinical methods of protein frac 
tionatioii 

MATERIALS \ND ilETSOPa 

Ipprosimalel) oO serum specimens were obtained from professional blood donors 
the end of the blood donation, approximately 10 ml of blood was collected into a chenu 
cally clean test tube tiie blood ivas expressed from tie tubing through the needle u«ed in 
the collecting «et The specimens were centrifuged and the sera placed m the refngera 
tor 0 % ernight 

I control «erum was obtained bv collecting a unit of clotted blood from one profes 
«ional donor The ’truoi was «eparatcd under sterile conditions and aliquots transferred 
to sterile, plain I acutamer tubest which were stored lA a Deepfreeze On the day of col 
lection, control \alues for both methods of protein fractionation were established by quad 
ruplicate determinations There was no noticeable change in the protein fractions of this 
control serum when aliquots were later remo\ed and thawed just before using 

Both methods of protein fractionation were done in duplicate on each serum simul 
taneously to a\oid pos ible differences between the two methods, e g, length of time in the 
refrigerator, temperature change*^, and time elapsed between collection and determination 
"We employed tlie acceptable 6 hour accelerated electrophoretic •'eparation" (which com 
pared \er\ well with the usual 16 hour reparation) so that both chemical precipitation and 
paper electrophoresis could be instituted at the same time We added 6 lambda of the 
serum or protein solution to the paper strips, this \olumB contained sufficient protein for 
definite separation and Aept tbe tracing below the 10 cm marie, ob\iating the use of a fac 
tor for calculating the area The paper strip:, were dyed and fixed according to the method 
of Block, Durrum, and Zweig 3 Alter exposure to ammonia fumes'* the strips were scanned 
in the bpmeo Analytrol Chemical precipitation was accompli hed by the llolfson and 
Colini method utilizing the Beinhold* modification in which the precipitatmg solution is a 
rulfatc sulfite mixture mstead of ‘odium ‘ulfite \\itU each ‘cnes of determination, an 
aliquot of the control ‘crum was run in duplicate with each method 

Prom the Departments of Medic ne and Pathology The Chicago Medical School and 
Mount Smai Medical Research Foundation Chicago HI 

Presented in part at the Annual Meeting American Society of Cl meal Pathologists 
Oct. 11 i9o6 
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Commercially available human albumin (Gutter) and gamma globulin (Lederle) solu¬ 
tions were diluted with isotonic saline and various mixtures prepared; the total protein 
concentration was determined by niicro-Kjeldahl analysis. Known quantities of the dif¬ 
ferent protein solutions were added to a known serum to obtain the recoverv data with 
the paper electrophoresis apparatus. 

RESULTS 

Fig. 1 presents the results of the comparison of the two methods of protein 
fractionation. In each portion of the figure the horizontal, solid lines signify 
the average value of the specific protein fraction expressed as per cent of the total 
protein concentration; the dashed lines represent the upper and lower confidence 
limits or ±2 standard deviations. Each dot is the avei’age of duplicate deter¬ 
minations run on each serum. 
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Pis. 1.—Comparison of serum protein fractionation by chemical . ' . ' 

and Cohn) versus paper electrophoresis (Spinco Model R). Solid hor 
the average value expressed as per cent of the total protein concen 

represent upper and lower confldence limits or ±2 standard deviations, uui .t...- 

the average of duplicate determinations on each serum. 

The lower average serum albumin value determined by paper electro¬ 
phoresis (Fig. 1) may be explained on the basis of the albumin tailing effect; 
the wider confidence limits may be due to a greater sensitivity of the method 
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and to stiuctinal changes in the piotem which affect its affinity foi the broino 
phenol blue dye Foi example, the piotcin stiuctme may have been altered 
duiing the passage of the blood tluough the tubing and needle of the coUec 
tion set The aveiage total alpha globulin (Fig 1) is t-\viec as high with the 
papei elcctiophoiesis method, some of this disagicement nnj be due to the 
iact that the alpha globulin is calculated by diffcicuce of two scpaiate deter 
minations in the ehcmic vl method The avciagc beta globulin (Fig 1) is lowei 
by papei electiophorcsis The \aluc foi beta globulin in the ehcmic il method 
IS obtained by adding the “tiuc** albumin + alpha globulin and the gamma 
globulin fiactions and subtiacting the sum fiom the total piotcin, because 
ot this, all the cnois which may oceui in obtaining the ^allOus fractions aic 
summated in this beta globulin fraction 



i 

s 



1= Normal Serum (F) diluted 
TP 3 8 gm/100 ml 
A 42 4 % 

61 
9 I 
21 2 
r 21 2 




Fig 2 —Typical electrophoretic patterns of normal serum obtained with Splnco Model 
R paper electrophoresis Cui\e F Is undiluted normal serum Cur\c I Is the same scrum 
diluted 1 1 with isotonic saline Line tracing is actual pattoin obtalnel A\ith Vnalytrol the 
paper strip dyed \\ith broniophenol blue dje is directly underneath The arrow denotes the 
point of application of the 6 lamb la of solution TP equals total protein concentration in 
grams per 100 ml A Oi a ft and y represent the specifle albumin alpha 1 alpha 2 beta 
and feamma globulin fractions respecti\el> in terms of per cent of total dye absorption 







Volume 50 PAPER ELECTROPHORESIS G61 

Numbfr 4 

The aveiage foi the gamma globulin fiactioii (Fig 1) is highei by papei 
electiophoiesis The diffeicnce may be due to some letentiou of dye by the 
albumin tail in the gamma globulin fiaction Aftei the stops have been dyed 
and fixed, we have noted a daik line at the point of application of the sample, 
this may be denatuicd piotein which does not inigiate but does have a certain 
affinity foi tlie dye, and theieby elevates the gamma globulin concentration in 
the final calculations 

Cui\ e F in Fig 2 illiistiates the noimal seiiim used in studying the recov 
eiies of the vaiious piotein solutions Dilutions of this normal seiaim with an 
equal \ohuiie of isotonic saline ga\c use to Cune I The low total protein 
concentiation lesults in a lou ciinc which is difficult to sepaiate into its com 
ponent fiactions, the pei cent composition is altered fiom the tlieoietical Such 
alteiations aie pione to oeciu in solutions of low total piotein concentrations 
since sinulai changes in the integration pattern of the Analytrol result in 
largei numeiical changes in the pci cent composition 

Fig 3 illustiates a study with pine albumin Cui\ e A depicts the albumin 
solution at a concentiation of 5 0 Gm pei 100 ml , the tailing effect is calcu 
lated to be 7 9 per cent of the total dj e absorption as computed with the Spinco 
Analytrol Even though the line m Cm \ c G is above the base line, notiung as 
picked up by the Analytiol so that the tailing effect is dcci eased in the diluted 
albumin solution witli a total piotein of 2 5 Gm pei 100 ml Curve P illustrates 
a recoveiy expeument of adding albumin solution to noimal seium This was 
accomplished by diluting normal seium (Cuivc T, Fig 2) with an equal volume 
of pure albumin (Cuive A, Fig 3) in essence this can be represented by Curve 
G + Cuive I « Cunc P Fig 4 illustrates a similar study with pure gamma 
globulin, no tailing effect is seen with the gamma globulin solutions (Curves 
B and H) Fig 5 lepiesents a typical study of one of the different mixtures 
of albumin and gamma globulin 

At a total albumin concentration of 5 0 Gm oi more per 100 ml, the tail 
ing effect was found to a^Clage 5 7 pei cent in 16 experiments 'When the 
total albumin concentration was icduced in half, the average tailing for 16 
experiments was only 2 8 pei cent of the total area This indicates that the 
concentiation of piotein in the specimen being analyzed will alfect the amount 
of albumin tailing Contiolled conditions regaiding albumin tailing and simi 
lai integration factois can and should be maintained by applying the same 
amount of piotein (in our experiments approximately 60 meg) to the paper 
strip, no matter what the actual protein concentiation in the specimen being 
studied The average recoveiy, in 16 expenments, of pure albumin added to 
the normal serum was 90 8 pei cent, and 105 2 pei cent for gamma globulin 

DISCUSSION 

Enksen and associates'* feel that varying amounts of the different protein 
fractions are cairied ovei into other fiactions cluiing the chemical prccipita 
tion, alpha globulin is included with albumin, beta globuhn is included with 
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I JfT 5—Tjplcal clcctiophorotlc patterns of 1 1 albumin/KHiniiia (.lobulin ‘solution Cur\e C 49 Per cent albumin nnil 51 per cent Kvmma 
globulin Cur\c J l3 the same solution dliutciJ 1 1 with Isotonic saline Curve I Is diluted normal scrum and Cur\o M is the summation of 
Oiir\ts J and I See Hg 2 for explanation 
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albumin + alpha globulin and with gamma globulin, etc. Thus, the determina¬ 
tion of protein fractions by calculation of differences between appropriate 
quantities may be erroneous because of incomplete separation. 

Our results indicate that the two methods of protein fractionation are not 
interchangeable although there is fairly close agreement between the values for 
albumin and for gamma globulin. This is not surprising since the two tech¬ 
niques are based on totally different principles—chemical precipitation by salt 
mixtures versus fixed electrophoresis on paper. 

Table I lists representative data for the chemical fractionation of sermn 
proteins by the Wolfson and Cohn^ method or its modifications and paper and/ 
or free (moving boundary) electrophoresis. The original data of Wolfson and 
Cohn’- are based on 4 pools of serum collected from 50 to 150 blood donors. 
Ellerbrook’s® larger series of data on normal individuals is in close agreement 
with our data on professioiral blood donors. The serum protein fractions by 
paper electrophoresis show a rairge of valires which may be influenced by the 
source of donors and the irumber of specimens studied (Table I). It is obviovrs 
that even among the free electrophoresis data there is a wide range of values. 
The data of Reiner and eo-Avorkers^ illustrate differences in the results ob¬ 
tained on professional versus family blood donors (Table I). 


Table I. Coiiparisok op Kepresentative Data op Peoteik Fractionation 


INA'ESTIGATOKS 

SOURCE* 

OS’ 

SERUM 

METHOD OFt 
FRA^CTIONA.- 
TION 

NO. OP 
SPECI¬ 
MENS 

ALBU¬ 

MIN 

PEE CENT COMPOSITION 

GLOBULIN 

a. 

jTOTAL 
a, 1 a 

/3 

y 

Present authors 

PD 

c 

47 

57.5 



7.8 

20.6 

u.l 

Ellerbiook® 

N 

G 

74 

58.5 



11.1 

15.9 

14.5 

Wolfson et al.i 

NP 

C 

4 

53.8 



15.7 

13.4 

17.1 

Present authors 

PD 

PE 

49 

51.6 

5.8 

10.6 

16.4 

14.0 

17.8 

Klatskin et al.^e 

N 

PE 


58.6 

3.4 

8.0 

11.4 

12.0 

17.6 

Knights et al.n 

N 

PE 



5.3 

9.6 

14.9 

14.5 

20.6 

A^erghese et al.fs 

N 

PE 


54.0 

5.3 

8.3 

13.6 

12.0 

20.3 

Klatskin et al.ro 

N 

PE 


5T.7 

4.5 

7.2 

11.7 

15.3 

15.3 

Gordonio 

N 

PE 

37 

56.3 

5.7 

9.3 

15.0 

14.7 

14.1 

Reiner et al.i 

PD 

PE 


53.6 

7.5 

9.0 

16.5 

14.1 

15.7 

Reiner et al.f 

PD 

PE 


56.8 

7.2 

8.7 

15.9 

12.8 

i4A 

Ricketts et al.n 

N 

PE 



4.0 

9.7 

13.7 

12.8 

13.2 


»PD = Professional Conors. N = Normal Individuals. NP = Normal Pools (50 to 150 
donors per pool). FD = Family t?onora, 

tC = Chemical Precipitation. PE = Paper Electrophoresis. FB = Free Electroplioresis. 


Paper electrophoresis and moving boundary electrophoresis do not give 
exactly similar analytic data®; in the latter case the results are expressed m 
terms of refractive index, Avhereas in the former they are usually expressed in 
terms of dye binding capacity, Avhich in the case of acid dyes is largely an ex¬ 
pression of the number of basic groups. This dye affinity is subject to many 
variables, such as method of coagulation of the separated proteins, protein 
structural changes, type of paper used, etc. The differentiation of the frac¬ 
tions on the tracing made Avith the Spineo Analytrol, especially for the alpha- 
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and alpha 2 fractions, is subjective An electrophoretic peak does not neces 
saiily represent a single, homogeneous protein, but may consist of a group of 
heteiogencous proteins having a similar electrophoretic mobility The frac 
tions obtained by papei electrophoresis are per cent of the total dye uptake, 
which we assume to represent the total piotein content, we feel that it is 
erioneous to conveit such fractions into terms of Gm per 100 ml All these 
factors lead us to agiee in piineiple with the woik done by Polimeni and 
Turitto® who designate the separated fractions by Roman numerals lather 
than protein teims AVe feel howciei, that for clinical puiposes the com 
ponents should still be called albumin, alpha 1 globulin etc 

Because of the conditions of our study—the use of professional donors 
the method of collection, and the overnight refngeiation of the seium pnoi 
to analysis—wc feel it is not warranted to list the values obtained by the two 
methods as noimals foi seiiini protem fractionation Rather, wc have pre 
sented a conipanson of the results between chemical and papei electrophoietic 
sepal ation of the serum protein fi actions 

SUMM \RY AND CONCLUSIONS 

Oul compaiison of protem fractionation by the salt precipitation method 
and by paper electrophoresis showed that the results obtamed by the two 
methods are not intcichangeable This emphasizes the fact that each laboia 
toiy must always establish normal values fox the conditions under which each 
method is used 

The total protein concentration m the specimen to be analyzed by paper 
electioplioiesis is veiy impoitant because (a) it affects the degiee of albumin 
tailing, (b) the integration patterns with the Spinco Analytrol at low protein 
levels arc not as reliable as those with noimal total piotein concentration, and 
(c) low total piotein concentration results in poor sepaiation of the globulin 
fractions 

Such conditions should be controlled by adding a relatively similar amount 
of protein to the paper strip no mattci what the actual concenti ation of total 
piotein in the serum specimen A Imown serum should be run with each set 
of unlmo'wns 

We Wish to thank Dr Kurt Stern and his staff of the Blood Bank at the Mount Sinai 
Medical Research Foundation and Hospital for their cooperation in obtaining the blood 
specimens 

Thanks are due Mr Richard Bass for technical assistance 
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SITES OF ABSORPTION OP VITAJIIN 
V\[ F CiTRIN, M D , CvULO DeRosv, a B , 

\ND J\MFS A H\LSTED, MD 
S\R\CUSE, N Y 

A lthough a vei^ small propoition of extremely large doses (500 to 
2,000 ftg) of vitamin B 12 can be absorbed, presumably by diffusion, from 
most mucosal surfaces, the sites of absoiption of the much smaller amounts 
noimally available in tlie diet ba^e not been defined In the present studj, 
the capability of various segments of the intestine to absoib vitamin Bia was 
assessed by means of the urinaiy excretion test after Co‘^®-Bio Mas deliveied 
thiough an intestinal tube 

The absorption of vitamin B 12 maj be determined by 3 geneial methods 
(1) demonstration of a hematologic lesponse in a patient witli pernicious 
anemia in relapse, (2) demonstiation of a rise in seium Bi->, 01 an incieased 
luinary excietioii, as measured by miciobiologic assay, (3) ineasuiement of 
ladioactuity involving stools, urme, or scium, 01 exteimal monitoiing of the 
li\ei aftei admmistiatioii of labeled Mtanim Bj-. Using 100 /ig doses, ^lonto 
and Rebuck^ ha'se demonstiated absoiption from the nasal mucosa Ross and 
Ills associates^ and Reisner and co workers’ ha\e shown that some absoiption 
of vitamin B,-> may occiu fiom cithci the oial oi the lectal loute, when doses 
of 500 /Ag 01 moie are guen to subjects lacking endogenous intrinsic factoi 
Using a test dose of 0 5 /ig, McIntyre and his associates* found significant 

Erom the Veterans IdmInSstration Hospital and the Department of Medicine State 
UnUersUy of New York CoIIegre of Medicine in Syracuse 

_ Presented at the annual meeting- of the American Society for Experimental Pathology 
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lU'inaiy recovery of eobalt'’"-labeled vitamin Bi- after it was introdHcecl directly 
into the jejnmnn of 2 patients with jejunostomies. Using timed-release cap¬ 
sules containing 4 /rg test doses, Johnson and Berger^' liave likewise demoii-- 
atrated significant absorption from the lower small intestine of normal subjects. 

METHODS 

Twenty-oue hospitalized subjects were studied as the "nomial” group. None had 
achlorhydria, anemia, intestinal malabsorption, or neurologic or renal disease. Seven hos¬ 
pitalized subjects with Addison’s pernicious anemia in remission were similarly studied. None 
of the patients was seriously ill. 

The following modification of the uriuar-y excretion test“-s was employed. A test dose 
of 0.5 gg of Coso-B,.* containing 0.25 /re of radioactivity was given to a fasting patient 
either by mouth or through a tube. Simultaneously, 1,000 /ig of nonradioactive vitamin 
B ,2 was given intramuscularly. All urine was collected for 2-1 hours, at which time a second 
intramuscular injection of 1,000 gg was given, again followed by collection of the urine 
for the next 24 hours. Pour hundred milliliters of each sample was counted in a scintillation 
counter with special shield. Urinary excretion of Co<ni-B ,2 was expressed as percentage of 
the administered dose. The range of excretion in normal patients for the two 2-t-hour collec¬ 
tions in our laboratory was 7 to 4.3 per cent. A third 24-hour urinary collection after 1,000 
/ig of vitamin B,. was given intramuscularly at 48 hours has failed to yield significant urinary 
radioactivity. In the patients with pernicious anemia, neutralized humau gastric juice 
pooled from 3 or 4 normal individuals was added to tlie test doses indicated in Table HR 
Bifacton see (Organon), an extract of hog’s stonmeh mucosa, which has intrinsic factor 
activity but contains no vitamin B,.,f was added to the test dose in other tests. 

Eighteen tests were performed by the rectal route of administration in 14 subjects 
without pernicious anemia. From 0.5 to 3.0 jxg of Cooo-B,- containing from 0.25 to 3.2 /ic 
of radioactivity was instilled through a rectal tube, passed to a level of at least 15 cm. in 
a patient in the knee-chest position. The subject remained in this position for 15 minutes, 
and then in the prone Trendelenburg position for one hour. No subject had a bowel move¬ 
ment for at least 4 hours thereafter. The “flushing” doses, of 1,000 fig of nonradioactive 
vitamin B,. were given parentcrally at 2 and 26 hours after the instillation. The collection 
of urine for 2 consecutive 24-liour periods was accomplished as described above. Gastric 
juice in one test and Bifacton sec in 5 tests was mixed with the test dose. One subject was 
given twelve grams of neomycin on tlie day preceding the test. Three subjects were given 
250 mg. of tetracycline orally' every 6 hours for 4 days before their tests. Tetracycline 
ivas likewise given to two patients for 6 and 8 days, respectively, at which time the test 
dose was administered witli intrinsic factor. One dose was delivered to tlie transver.se 
colon, and one to the cecum, through the intestinal tube described below. Intrinsic factor 
was added to the dose delivered to the transverse colon. 

Intestinal intubation was carried out as follows. A modification of the polyvinyl tube 
described by Blankenlioni and associates’ was followed down tlie small intestine under 
fluoroscopic and roentgouograpliic control. Using barium sulfate, with contrasting aiv 
insufflation, the pylorus, duodenojejunal junction, and ileocecal valve were used as primary 
landmarks. The mucosal pattern and the general topography involved were considered as 
secondary landmarks in identifying the location of the tube. Neitlier the length of fii’ 
tube passed, nor the time involved in passage was helpful. If reasonable doubt existed 
to the localization, the study was discarded. The effect of liarium sulfate on tlie absorp 
tion of Coco-Bjj, when given orally, was tested in two subjects by adding 50 nil. of a 1- 
barium sulfate suspension to the test dose. The oral urinary excretion test as define 
above was repeated 5 times at 7-day intervals in 3 subjects without pernicious anemia. One 
subject had 4 tests. 

•Generously supplied by Ur. Nathaniel L, Ritter, Merck & Company, Inc., Rahway. 

tKindly supplied by Dr. Kennetli AV. Thompson of Organon. Inc., Orange, N. J- 
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RESULTS 

Tlie lepioclueibiht} of the uimai\ excietion test is slioun ni Table I 
Although theie aie too fe\\ tests foi statistical analysis, a suipnsmg degiec 
of consistenc\ uas obtained in the same subject It is also apparent that 
barium sulfate had no inliibitoiy effect on the absoiption of -Mtamin Bi- 


T^BLL I REPI ODL ClBir 1T\, OF A 2 D\\ UPIN \I \ Exa ETION lEST IN iSORMAL SUBJECTS 


TEST* 

PER CENT 01 0 D /IG CQSO Bu 

SUBJECT 

1 

1 

1 

2 

1 3 

1 

4 

1 


39 4 


30 4 

14 0 


13 7 

2 


310 


28 8 

99 


13 2 

3 


30 9 


29 8 

97 


10 7 

4 


30 6 


27 2 

92 


S 1 

0 





27 8 

9 2t 


13 Of 

•Tests done at 7 day internals 





tFUt> milliliters barium sulfate 

mixed with do k 




TiBLE II 

UnNvp\ Lxn ETioN Test in Noimvo 

Slujectts 
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SITE OP DEUNEPS OF TEST DOSE 


SUBJECT 


\GE 



ILEUM 

6 S 


30 


17: 

7 

39 0 



G 


49 


24 6 

la 0 



H 


46 


16 4 

25 3 



McC 


41 


13 6 

30 2 



0* 




9 2* 

14 7 



D* 


58 


131 

)* 

22 2 



Vt E 


00 


101 

26 3 

22 8 

10 5 

B P 


30 





22 3 


BUS 


42 






23 2 

H B 


06 


21 1 



ot 

E J R 


33 


213 


12 3 


R W 


20 






4 7t 

R II B 


42 






lS4t 

•Test Iso J 

) m Subjects 3 and 4 

in Table 1 




tlleocecal sahe sisualizcd 





1 VBLE 

III 

Upin \K\ E\ciETio\ Tist i\ Subjects 'Wnir Pej niciols Vnemiv 






1 ER CENT OF 0 O iiG CC*® B 







SITE OF 

DFLI\EP\ 01 TEST l>OSE 





1 STOM\CU 1 

I ST03IACII 

DOODENUil 

ILELil 

ILEUM 




1 (test dose I 

[ (TEST DOSE 

(TEST HOSE 

1 (TEST DOSE 

(TEST DOSE 

SUBJECT 


\(jE 

1 clone) 

1 PLUS IF") 

PLUS IF) 

1 \LONE) 

PLUS II*) 

A E 


78 


0 




3 0 

G N 


oS 


2 2 

17 6 



13 0 

P 


oS 


0 

OS 



57 

il A 


71 


0 

13 0 


0 


Y 


72 


0 

0 3 



4 0 

\\ 


00 


0 

9 7b 

0 9b 

0 






3 S 

12 6 


0 

15 3 

B 


79 


0 




'SJ J 


•IPs: pastric juice •’5 to 100 ml (except b = Btficlon "cc 30 mj? ) 


Tihle II shous the icsults of dclueij of \itamm Bi- by intcstiinl mtuba 
tion 111 noiiual sulijcets \s tan be seen, the ieco\ti> following duodenal 
instillation was significantlj gieitei than m the case of the oial route m G 
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of 7 subjects. These dilferences are especially striking when they are com¬ 
pared to the maximum range of variation found in the reproducibility tests. 
Significant absorption from the jejunum occurred in 3 subjects and from the 
ileum in 3 others. Poor absorption from the ileum was noted in 2 additional 
subjects. 

Seven subjects with pernicious anemia were tested with and without 
intrinsic factor (Table III). Without added inti'insic factor, Co^^-Bi:. was not 
absorbed from the ileum of two patients. With added intrinsic factor, there 
was significant absorption from the ileum in 6 patients, and from the duodenum 
in one. 

In the 18 tests involving the administration of Co®‘’-Bi 2 into the colon, no 
absorption could be demonstrated in any case. These tests included 6 in which 
intrinsic factor was added to the test dose, as well as 6 in which antibiotic 
administration preceded the test dose, given with and w’ithout intrinsic factor. 


DISCUSSION 


Bj’’ the technique described, rectal instillation probably causes spread of 
the test dose to at least the level of the splenic flexure. Truelove,^® by adding 
contrast material to a rectal drip in a supine patient, has radiographically 
demonstrated spread of the solution to the splenic flexure and beyond. Force¬ 
ful injection through a tube in a patient in the knee-chest position followed 
by the prone Trendelenburg position should, therefore, result in distribution 
of the test dose at least over the descending colon, and probably to the trans¬ 
verse colon. 


It was evident from roentgenograms that the fluid forced under pres¬ 
sure through a narrow bore tube resulted in splattering of the solution over 
many inches of intestine. Thus it is possible that a portion of the Co“'’-Bi 2 
instilled into the terminal ileum might immediately splash into the colon. This 
might explain in part the low urinary excretion obtained in two subjects, in 
both of whom the ileocecal valve was visualized within a foot of the tube tip. 

The results indicate that in the normal subject vitamin B 22 in doses of 
0.5 jtig can be absorbed from the entire small intestine. Inasmuch as intrinsic 
factor is secreted only in the stomach” it is presumed that secretion from that 
site is available down to the terminal ileum as a result of peristaltic action. 
Absorption of Co'^-Bi.; from the ileum of subjects with pernicious anemia oc¬ 
curred only when intrinsic factor was added to the test dose. Therefore, the 
ileum is capable of absorbing vitamin B 12 but only when intrinsic factor is 
present. 

It has been suggested that the process of absorption of vitamin Bu 
normally takes place relatively high in the small intestine.” The demonstra¬ 
tion that the entire small intestine is capable of absorbing vitamin Bi= does 
not invalidate this opinion, for under the normal circumstances of diet am 
health, vitamin B 12 is probably absorbed primarily in the more proxima 
regions of the intestine. The variability of absorption observed from the ileum 
of normal subjects would appear to be a reflection of either the inconstan 
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a\ ailabihtj of eutlo^enoiis intrinsic factoi lu the ileum, as a result of destiuc 
tion utilization, 01 dilution in its tianspoit fiom the stomaeli, 01 the splashing 
effect descLibed preiiouslj with an immediate loss into the colon of pait ot the 
test dose 

The mabilitj of the colon to absoib \itamin B 12 , despite exogenous m 
tiinsic factor, suggests tliat the mucosa of tue colon lacks the uecessao tians 
poit mechanism The faihiie of autiimciobial admimstiation to facilitate 
absoiption suggests that bacteiial competition or binding in the colon is not 
the explanation 

The stiikmg enhancement in absorjition which occuned in 6 of 7 subjects 
when the stomieh was b> passed b> duodenal intubation is of considerable 
Intelest Previous observations have suggested that the stomach mav actuallv 
plav an inhibitorv lole in absorption Halsted and associates’^ performed 
fecal recoven tests in 11 patients vvnth a total gastrectomv after gastnc juice 
was added to the test dose of Co** B,-. In seven, absorption occurred winch 
was much gieater than that exhibited either h> noimal individuals, 01 hv 
patients with pernicious anemia given gastiic juice with the test dose Further 
moic, Johnson ind Bergci,-* using tuned release capsules demonstrated that 
urinary cxcietion was greatei when Co'‘*Bi« was leleased m the small intestine 
rather than in the stomach 

The binding of vitamin Bi- by piotcins wathout intrinsic factor activitj,'* 
making it unavailable foi absorption, is a possible explanation foi an inhibitorj 
role of tlie stomach However, the effect of pH on intiinsic factor maj offer 
a moiG likely explanation As early as 1937, Castle and associates” described 
the impoitancc of pH on intrinsic factor extrinsic factor mixtures Beef 
muscle and gastric juice incubated at pH 2 5 for 12 hours was hematopoieticallj 
inert unless partial neutralization to pH 5 was made liefore admimstiation 
'More recently, from the same laboratory,’*’ cxpciiments using gastiectomized 
lats have showTi that incubation of a mixture of Co** Bjn with homogenized rat 
stomaeli at an acid pH reduced the absorption of the vitamin Grasheck,’* 
studying gastiic juice bv the electiopboretic method, described a striking loss 
of the main vitamin Bi- binding fraction (which he speculates mav be intiiusic 
factor) aftei incubation of the gastric juice at acid pH for longei than 30 miu 
utes If digestion of intrinsic factor should occm after it binds a laige 
poition of the Bj- might become unavailable for absorption On direct iiLstilla 
tion into the more alkaline eimionmciit of the duodenum the Bi- might be 
piefeientiallj bound to intrinsic factor that has escaped digestion Therefore, 
It would appear that the destiuctive effect of an acid envnonmeiit on intrinsic 
factor maj be the result of protcohtie digestion as suggested bj Castle and 
Ham in 1936 ” This may be a possible explanation for the “inhibitory” effect 
of the stomach 

CONCLUSIONS^ 

1 III doses of 0 5 /ig vitaniiii Bi can be absoibed fiom the entire small 
intestine piovided intrinsic factoi is available 
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2. Absorption of vitamin Bjo in closes of 0 5 to 3.0 jag from the colon could 
not be demonstrated in 18 tests despite the addition of intrinsic factor to 6 
test doses, and the prior administration of neomycin or tetracycline in 6 tests 
with or without intrinsic factor. 

3. As measured by a 2-day urinaiy exeietion test, the degree of absorption 
of 0.5 pg of vitamin given orally at 7-day intervals was fairly constant in a 
given individual. 

4. Absorption after instillation into the duodenum was significantly greater 
than after oral administration in 6 of 7 normal subjects. This suggests an 
inhibitory role of the stomach. Possible explanations for this effect are offeied 
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FOLIC ACID ABSORPTION, EXCRETION. AND LEUKOCITE 
GONCENTR^VTION IN TROPICAL SPRUE 
C E Butterworth, Jr , JfuoK, lie USA,* XI\m\\ N\del, Pii D EsRiQir 
Perez-Svmivgo, D ,** Ru \tL Svntim, Jr , Pii D , \nd 
PRV^K H Girdneb, M D *** 

S\N Ju4N, Puerto Rico 

INTRODUCTIONT 

F olic awd has been widely used in the tieatment of tiopical sprue since its 
effectiveness was fiist dcnioustiatcd in 1945 ' " GiichvootP has shown that 
patients with spuie e\cietc less folio acid lu the unne aftei aii oial dose than 
after a parenteiai dose, suggesting inipaiicd absoiption oi tissue depletion 
Garcia Lope^ and associates* lia\e called attention to the nutiitional inadcquacv 
of the diet consumed by patients with sjnuo in Cuba, but tliev wcic able to main 
tain these patients on a deficient diet and still aehiesc good hematologic icsponses 
with folic acid Howcvei, the lolcs ot diotaij deficiency and malabsoiption 
of folic acid reniain pooily defined as to the ctiologj of the disease Foi 
example, a malabsoiption syndioine has been obsened in inilitaiy personnel 
m Pueito Rico who had an adequate diet at then disposaP and spiuc has been 
obsewed in piospeiows as well as indigent patients On the othci hand, pa 
tients with 'NVhipple's disease oi noiitiopual spiiic maj show malabsoiption 
without the megaloblastic aiumia which is so commonly a featiue of folio acid 
deficiency It is also curious that sprue is not tntountcied in eoitain aieas of 
the woild, such as Jamaica, whcie m.ilnutntion and Mtamin deficiency aie 
piomment problems In considciing the lolc of folic acid in the etiologj of 
sprue, then, the following questions may be asked 

1 Is theie an impanment of folie acid absoiption fiom the intestnnl con 
tents 111 patients with tiopical spiue^ 

2 Is intestinal malabsorption the cause oi the effect of folic acid de 
ficieney^ 

3 Is theic an mtimsic defect in the absoiption of fohe acid winch pio 
duces the disease stated 

4 Is the leqiiuement foi folic acid lughci in patients with spiuc than in 
normal persons 

5 Aie there natuially oceuiiing fohe acid analogs (eg, of bacteual 
oiigin) which mteifeie with its utilization* These aic some of the questions 
which promiited tlie following iniestigations 

From the U S Arxnj Tropical Research Medical Laboiatorj San Juan Puerto Rico 
ReceKed for publication May 13 1957 

•Walter Reed Army Institute of Research statione 1 at tlie L S Army Tiopical Re 
search Medical L,aborator> 

♦•Bayamon District Hospital Bayanioo Puerto Rico 
•••Peter Bent Brigham Hospital Boston Mass 
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^MxVTERIAL, -METHODS 


Serum and Urine Determinations .—Folic acid was measured by baeteriologio assay using 
a commercially available medium (Difeo), and Streptococcus /aecalisA Cryatalliac folic acid 
was used as the reference standard for the assays and for the oral doses. The dose used for 
oral administration was 5 mg. of the crystalline material dissolved in 5 ml. of 20 per cent 
ethanol. For intravenous injection a commercial preparation (Folvite) was prepared so 
that 10 ml. contained 5 mg. of folic aeid. This was confirmed by the assay procedure. 

Brine was collected for 5 hours after the administration of a dose. The output was 
measured and an aliquot was frozen immediately and stored at -20° C. until the folic acid 
assay could be performed. Storage did not usually exceed 2 to 3 weeks. All subjects were 
fasting when the dose was administered. In later studies some were allowed to eat a light 
breakfast 1 hour after dosage since it has been shown that this does not affect the results.o 
Appropriate urine dilutions were prepared and compared with duplicate dilutions of the 
reference standard. A standard curve was prepared with each group of assays. 

Serum determinations were made on samples taken 1, 2, 3, and -1 hours after oral or 
intravenous ailministration. Serum dilutions were prepared aseptically and added to 
sterile media, since it was found that autoclaving the serum mixtures caused protein pre¬ 
cipitation which interfered with turbidity readings. Folic acid-free equipment was used 
throughout in collecting and handling samples. 


Leukocyte Assay .—Leukocyte folic acid was measured by a technique sunilar to that of 
Swendseid, Bethell, and Bird." For this procedure, 20 ml. of wdiole blood were collected, 
heparinized, and mixed in a test tube with 10 ml. of 1 per cent dextran (average molecular 
weight 193,000) dissolved in O.So per cent saline solution. Eed cell sedimentation was 
usually complete in about 2 hours at which time the leukocyte-rich plasma was transferred 
to a centrifuge tube and spun at 2,000 g for 10 minutes. The supernatant was removed and 
the remaining cell suspension was centrifuged at 900 g in a IVintrobe hematocrit tube. The 
height of the leukocyte column was measured and was converted to milliliters by a factor 
of 0.067 ml. per centimeter determined by calibration of the hematocrit tubes in use. In 
most cases the red cell volume was less than -1 mm. in height and the platelet layer less than 
3 mm. The white cell column varied from 5 to 20 mni. Observations here and in other 
laboratories indicate that platelets and red cells do not significantly interfere with the 
results. The concentrated material was diluted 50 times with equal quantities of distilled 
water and 1 per cent sodium acetate buffer at a pH of -1.5. This was incubated for IS hours 
at 37° C. to liberate conjugated folic acid utilizing the naturally occurring coiijugase pres¬ 
ent ill leukocytes. The conjugase activity was inactivated by boiling 10 minutes, after 
which cellular debris was removed by centrifugation. The supernatant was adjusted to a 
pH of 6.5 to 7.0 with 1 N I-faOH and dilutions were prepared for assa 5 ' as in the other deter¬ 
minations. 


Cliromatoyrapliy .—The 24-Iiour urine collections of 6 patients with tropical sprue in re- 
lapse and of 2 in remission were eoiieeiitrated by evaporation to a volume of about 2 nil. 
and one dimensional chromatography was carried out in a huffered solution of mono- aud 
disodium phosphate at pH 7.0. Spots representing O.OI and 0.02 of the 24-hour urine vohmie 
were used. Strips were cut in half, longitudinally, and assayed by the bioautographic teeh- 
niquo described by Nichol, Zakrzew.ski, and IVelch.s Folic acid, aminopterin, a-mothopteriii. 
and leucovoriu were eliromatographed in 1 Mg quantities as reference standards. Fouidam 
and associatesa have shown that boiling in vaeuo does not inactivate a-methopterin and ue 
have found that boiling for 3 hours without vacuum does not iuactiv-ate aminopterin. 

Snhjeets .—Patients referred to as having untreated sprue were diagnosed by the cbm 
cal findiug.s of diarrhea, glossitis, and weight loss, together with demonstration in t 
laboratory of megaloblastic changes in the bone marrow and malabsorption of two or niort 
test substances {.xylose, vitamin A, butter, dietary fat). This term was u.=ed also for pa 
tieiits in relapse with a similar picture. Treated subjects were those who had preiio"-. 

•The orsanism used lor this study was S. Jaecalis ( 29 - 21 ) kindly provided by Dr- It 
X. Pear.son. Department of Biochemistry. Vanderbilt Dniversity. Nash\ille. Tenn. 
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betn studied during rtlipse, or ^\llo ga\e historical eMdenco of diairliei, glossiti'*, anemia, 
and who re^pondel to specific therapj Alaintenauce therap\ consisted of one tablet (o 
mg ) ot folic acid dailj AVIieii treated patients were stulied the maintenance doso of folic 
acid was withheld for one or more daas prior to administration of the test dose Control 
subjects were laboratory teclinicx ins, hospital attendants, or hospit il patients without 
hem itologie or gastrointestin il disease 


KESULTto 

1 Vnnarij Excietion —The minaiv evcictioii vahics iii 5 horns aftei the 
5 111 " oral 01 iiitra\enous dose aie summaiizcd m Table I The difference be 
t^\een the folic acid output of coiitiols and uiitieated subjects is significant at 
the 1 pel cent luel These icsults compaic faaoiablj with those of Swendseid 
and associates,^'' who found a notinnl a\eiage eveietion of 1 5 mg in 24 houis 
(30 pei cent of the oial dose) and of 6udwood,® who eoiisideis cxcietion of 
less than 15 mg aftei a 5 mg paicnteial dose indicatne of tissue depletion 
The piesent findings diffei slightly fiom Giidwood's in that treated subjects 
c\cieted essentially noimal amounts of folie acid wheieas his tiopical spiue 
subjects who weie desciibed as being in pooi condition showed low excretion 
^ alues c\ en aftci tieatment 


TuiLB I Folic Aciu Vssv\ AIe.\\ Urin\ii\ Evcretion js 5 Hours \>tei v 5 mg Dosl 
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Serial obsel^atioiis were made on 4 subjects before and dining treatment 
The results aic summarized m Tabic II It may be seen that within 4 to 8 
weeks of folic aeid therapy the unnary excietion of folic acid aftci a 5 mg 
oral dose was about 30 times gieatei than befoie theiapy The output after 
iiitiaAuious admimstiatioii impioied slowly but had not icached the normal 
^alue aftei 4 to 5 months of therapy 

2 Scrum Lcich —Tlie serum coiiccntiations aftei oral administration are 
shown giaphicaliy in Fig 1 
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A test comparing the 2-hour value of untreated subjects with the nor¬ 
mal 2-hour value indicates significance at the 1 per cent level. 

Serum concentrations were determined after intravenous administration 
of the 5 Gm. doses to 2 normal persons, 9 treated and 3 untreated sprue pa¬ 
tients (Fig. 2). Over 80 per cent of the injected dose was no longer measura¬ 
ble at the end of one hour. It appears that clearance proceeds at a rather rapid 
rate in each type of subject. There Avas no trend in this small group of sub¬ 
jects suggestive of an avidity for folic acid in sprue, comparable to that noted 
Avith vitamin C in scurvy. It appears that plasma clearance is essentially the 
same whether the folic acid enters the urine or tissues. Since the method 
described measures only free folie acid some of the clearance could be due to 
binding by plasma protein. 


_ NORMAL 



TIME (HOURS) 
Pis. 1. 



Fig. 1.—Mean serum folic acid concentrations at hourly intervals after the oral 
istration of a 5 mg. folic acid dose to 4 normal subjects, a patients with treated sprue, anu 
G patients with untreated sprue. The shaded area represents one standard d^^dtion a 
and below the mean value for normal and untreated subjects. The standard deviation m 
treated subjects lias been omitted for tlie sake of clarity but is similar to that of tlie nornia 
group. 

Fig. 2.—Jlean serum folic acid 
administration of a 5 mg. folic acid dose 
and 2 patients with untreated sprue. 


concentrations at hourly intervals after the intravenous 
lose to 2 normal subjects. 9 patients witli treated siirue. 


3. Lcuhoojfc Folic Acid .—The results of leukocyte assay arc summariiietl 
in Table 111. The difference between the untreated sprue group and the noi- 
niiil subjects is significant at the 1 per cent level. 
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4. liccovenj Tests and Chronmloyraiyhy .—Since tlie nictliocl of urinary as¬ 
say doscribeil docs not take into actMiiiiit the ])ossil)ility that natuial anti- 
nietaholitcs are picscnt, recovery evporinicnts were performed in an effort to 
determine if competition witli some inhibitor could explain some of the low 
levels of urinary folic acid excretion previously noted in untreated subjects. 
The average amount recovered in 5 normal urines was 115 per cent (range 99 
to 126) and in 8 treated patients the recovery was 96 per cent (range 86 to 
109). Girdwood* has also reported satisfactory recoveiy of folic acid added to 
urine. Before untreated subjects were studied it was decided to abandon this 
method of approach in flavor of the more sensitive chromatographic technique.® 



Fie. 3.—Bioautograph of a paper strip chromatogram of aminoptcrin. Tlie strip uas 
cut in halt longitudinally, after which half was applied for 10 minutes to the surface of 
the folic acid-free medium on the left and the other half to the medium containing folic acid 
on the right. Growth occurred in the compartment on the left corresponding to the Rf \alue 
for folic acid known to be present in aminopterin ami inhibition occurred in the compartment 
on the right at the Rf value for aminopterin 


This method permits detection of certain folic acid inhibitors occurring in the 
same specimen as folic acid, while the recovery technique might fail to reveal 
inhibition in the presence of an excess of folic acid. The results of chromatog¬ 
raphy and bioautographs are depicted in Figs. 3 and 4. 
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therai)y, whereas the urinary excretion following oral dosage was a])proxi- 
matcly 30 times greater than before. 

The assay of leukocyte folic acid affords a method of direct observation 
on cellular stores and serves as a cheek on the previous findings with oral and 
intravenous administration. The data indicate a statistically significant de¬ 
crease in the mean folic acid content of leukocytes in ijatients with tropical 
sprue in relapse. However, the fact that the leukocyte folic acid eonceirtratioii 
of some patients lies withiix the lower limit of the normal range tends to sup¬ 
port the indirect observations made earlier that tissue depletion is not great. 
As noted above, patients in relapse retained only 12 per cent more of the intra¬ 
venous dose than did normal subjects. 

Observations were also made on leukocytes from 3 persons Avith chronic 
granulocytic leukemia, giviug high values, as previously reported by SAvend- 
seid and associates. Our highest result Avas 175.7 Myg per milliliter of leuko¬ 
cytes ; this Avas considerably above our normal range but not as high as others 
haAm found. It may be of interest that Beard and associates^'* have found ab¬ 
normally high levels of serum in such patients. The Avhitc cell folic acid 
concentration in a man suffering from pernicious anemia in relapse Avas less 
than 24.2 IM/xg per milliliter, this being the minimum reading possible Avith the 
standard curve. A serum sample draAvn at the same time shoAved a vitamin 
concentration of zero. These findings tend to support the concept of Tasker*'' 
and others that there may be a correlation betAveen body stores of folic acid 
and Bis. 

Several considerations led to a search for possible competitive inhibitors 
of folic acid. For example, there is some resemblance betAveen tropical sprue 
and the clinical picture produced by certain folic acid analogs. Thus aminop- 
terin may produce aphthous ulcers in the buccal mucosa, glossitis, diarrhea, 
leukopenia, and macrocytic anemia.*® Hamilton and associates*" haAm reported 
that dogs treated AAuth a folic acid antagonist (“DDilP”) develop diarrhea, 
idcerative lesions in the small intestine, skin pigmentation, and megaloblastic 
changes in the marroAV. Similar results haxm been noted in human beings.’" 
Interest has also been centered on the possible role of bacterial products syn¬ 
thesized in the blind loops, and dwerticula of patients Avith the so-called 
“poirch P.A.,” Avho respond to antibiotic therapy. Several authors haA'e re¬ 
ported an inhibitor in the plasma of patients Avith pernicious anemia Avhieli 
interferes Avith the matui'ation of megaloblasts in marroAv cultures. 

The present study failed to demonstrate any substance in the urine ot 
sprue patients inhibitory to the groAvth of S. faecalis. The possibility remains 
that substances exist Avhieh maj' inhibit groAvth of lumian cells and not those ot 
S. faecalis. 

SU.AlJt.lRY 

1. EA'idence is presented that there is marked malabsorption of folic acid m 
patients having tropical sprue in relapse, and that the tissue levels are moder¬ 
ately reduced. 

2. The question remains unansAvered as to Avhether malabsorption is the 
cause or the effect of folic acid deficiency. HoAvever, since folic acid absorp- 
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tlou impiovcs when the absoiptioii of othei substances inipioves it appeals 
likely that this malabsoiption may be only a pait of intestinal dysfunction 

3 iMeasurement of seium le\els aftei oial and lnt^a^enous dosage and 
measuiemeiit of leukocyte folic acid levcalcd no appieciable difterences be 
tween noimal peisons and patients with spiue in remission Theie does not 
appeal to be a permanent specific defect in the absoiption of folic acid by pa 
tients with spiue eompniable to the mahbsoiption of vitamin Bio by patients 
with peiiucious anemia 

4 No evidence has been found that stnnc patients in leniission requiie 
mcieased amounts of folic acid, othei than the well known clinical obsei\a 
tions that they tend to lelajise without dictaiy supplements 

5 A suivey of uiines fiom 8 patients failed to ie\ cal substances inhibitory 
to the giowth of the folic icid dependent organism S faecahs 

Tlic tcclinic'il of Sergeant Firit Class ill icc G Pee anti af ister Sergeant 

Kenneth b Moran is p,ratcfuU} acknowledge 1 
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GLYCOPROTEINS OP NOR51AL HTJjMAN SERUM AS SEPARATED 
BY ELECTROPHORESIS ON STARCH 

Otto W. Neuhaus, Ph.D., and Marcia Letzring, B.S. 

Detroit, Mich. 

T he pattern of serum gl}''Coprotein following electrophoresis is being increas¬ 
ingly studied as a means of observing serum protein changes in disease.^'" 
At the present time the glj'^coproteins are visualized either by staining the 
protein-bound polysaccharides on. paper electropherograms with the periodic 
aeid-Sehiff (PAS) technique^® or by determining the content of hexosamines in 
the separated zones."' ^ Such patterns have been evaluated densitometrically 
and by elution. A lack of specificity* and a high background coloration* are 
charaeteristie ditficulties in the paper electrophoresis—PAS method. When 
glyeopi'oteins are evaluated by their content of hexosamines, determinations 
are made on the separated zones of paper electropherograms."’ * The paper 
segments are hydrolyzed and the hexosamine content measured by a modified 
Elson and Morgan procedure. The most sti'ildng characteristic of such data 
is the absence of a significant amount of hexosamine in the albumin peak; 
otherwise the data are similar to those obtained by the PAS procedure. 

The electrophoretic separation of serani on a starch medium offers the 
unique opportunitj' for comparing a glycoprotein curve, measured as hexosa- 
miues, with the total protein pattern from the same electrophoretic run. In 
this paper results arc presented for the separation on starch of individual and 
pooled human sera in an effort to help establish a normal pattern of serum 
glycoproteins. 

METHOD 

With the exception of one sample of pooled normal human serum, which had been 
stored in the frozen state for 6 months, all serum samples were used on the same day as 
drawn to obviate any changes that might occur either because of storage or the freezing 
and thawing process. 

Zone Electrophoresis. —The technique used here is that of Kunkel.'^i Potato stareli,* 
washed twice with a barbital buffer of pH S.6 and 0.1 ionic strength, was made into a 
thick suspension with the buff'er and then poured into a plastic mold 15 x 3 x % inches. 
After excess buffer was removed with Alter paper, the serum sample (3 ml.), previousb 
made into a paste with starch, was packed into a slot approximately 5 inches from the 
cathodic end of the starch block. Cellulose sponges were used to connect the ends of the 
block with the electrode vessels. After an initial equilibration period of one hour, 250 

From tlie Department of Anatomy and Physiological Cliemistry, Wayne State Universit> 
College of Medicine. Detroit. Mich. , > -ot 
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were applied which furnished a current of 50 to 70 ila. The electrophoretic separation 
as well as the initial equilibration period were conducted at 5® C. After 24 hours the 
starch was cut into 1 cm. segments each of which was then eluted with o ml. of a 1 per cent 
solution of salt. 

Deteimmation of Protein and Sexosaminc .—.iUiquots of the eluates were analyzed for 
protein by the method of Lowr^ Por the determination of hexosamine, 1 ml aliquot*; 
w ero first dried, h> drolj zed for 4 hours with 3 N HCi and dried in vacuo o\ er NaOH. Then 
the isoam>l alcohol extraction procedure described in detail elsewhere**^ was used on the 
neutralized hydrolysates 

Por total serum hexosaiiunes 1 0 ml. aliquots of a 1.100 dilution of serum were dried, 
hydrolyzed for 4 hours in 3 N HCI, and treated as described for the determination of hex 
osamine. 

RESULTS 

Iiiterfeiencc in the ieco\ciy of licxosamiiie by iiarlial hydiolysates of bovine 
sermn albumin using the isoamyl alcohol extraction procedure has been pre¬ 
viously rcpoited.^^ To test the effectiveness of tins procedure ■with serum, the 
recovery of 10 gammas of added glucosamine fiom 0.01 ml. of human set a y\as 
also studied. Ninety-fi\e per cent of added glucosamine was lecovered. Tlic ab¬ 
sorption cur\es of the cluomogen for glucosamine, seium, and serum with added 
glucosamine ^\elo identical, indicating the absence of interference fiom nongluco¬ 
samine leactive substances of scrum. 



Fig 1 —Glycoprotein pattern obtained by the electrophoretic separation of human serum 

The average total hcxosamines was found to be 88 mg per cent, a value 
w’hich is in agreement with that of others.^' * A typical electrophoretic pat¬ 
tern obtained with pooled normal human sera is presented in Fig 1. The pio- 
tein and hexosamine contents of each segment of starch aie plotted as per cent 
of the total. Each centimeter of starch is expressed as a fraction, Raibumm? 
which is defined as the distance migrated divided by the distance of the albu¬ 
min peak from the origin. Points anodic to the origin are given positive 
values; cathodic ones are negative. 

‘This techufque docs not dlstin^lsh galactosamine from glucosamine. 




684 


NEUHAUS AND LETZEING 


J. Lab. fic Clin. McJ. 
November, 1957 


The areas bounded by the conventional zones of the protein and glyco¬ 
protein curves were measured with a planimeter. The relative proportions of 
each zone are presented in Table I. No values are given for hexosamine in 
the albumin fraction as the amount found is insignificant (Fig. 1). 


Table I. Total Protein and Glycoprotein Pattern of Normal Human Serum 


SERUM 

TOTAL 

protein* 
(GM./lOO 
ML.) 1 

SERUM 

HAlut 

(mg./IOO 

ML.) 

1 PROTEIN (PER CENT) 

UAmt (PERCENT) 

ALB. 

1 1 

1 /3 1 Y 1 

“l 1 

1 1 Y 

Frozen pooled 

7.4 


94.5 

56.6 

2.6 9.5 

8.5 22.7 

25.4 35.7 

15.8 23.0 

Fresh pooled 

7.1 


81.3 

54.2 

5.3 10.2 

11.0 18.8 

27.2 32.2 

22.5 18.1 

ON 

7.0 


81.3 

58.5 9.4 

10.4 21.7 

22.0 31.8 

21.0 25.2 

GL 

7.6 


96.3 

55.2 

5.1 11.1 

11.8 16.8 

32.1 33.6 

18.9 15.4 


7.4 


73.8 

58.0 

3.8 10.6 

10.4 17.2 

24.1 38.6 

21.0 16.3 

RF 

7.9 


100.0 

52.5 

4.0 7.5 

10.1 25.9 

27.1 29.7 

19.9 23.3 

AO 

S.l 


88.7 

51.1 

5.5 10.7 

14.1 18.6 

30.0 29.7 

23.2 17.1 

Average t 

7.5 


88.0 

54.2 

4.7 9.9 

11.4 19.8 

27.1 32.6 

21.1 19.2 

s.d. 

±0.4 


±9.5 

±2.6 

±1.3 ±1.3 

+1.5 ±3.4 

±3.7 +3.1 

+1.6 ±4.0 

•Total proteins were determined by Dr. B. Zak, : 

Department of Pathology, 

Wayne State 

University College of Medicine, using 

a biuret method. 

li 



tHAm is used to 

indicate hexosamine. 





JData of 

frozen 

pooled sera not included. 




Table II. Glycoprotein Patterns Prom Paper Electrophoresis 



1 

1 GLYCOPROTEINS (PER CENT) 

1 REFERENCE 

METHOD 1 

t 

ALB. 1 


1 <»= 

1 /3 

1 Y 1 


PAS* deasitometrio 


13.1 

17.9 

27.9 

23.8 

17.2 


PAS* deiisitometric 


9.85 


27.27 

33.30 

14.52 


PAS* densitometric 


25.0 

15.0 

19.0 

21.0 

20.0 

Grassi" 

PAS* densitometric 


9.8 

14.6 

29.3 

26.8 

19.5 

ShetlariU’ 

PAS* elution 



8.7 

.5? 


25.2 

8.2 

Laurell* 

He.xose 



10.9 

13.4 

29.4 

26.0 

20.2 

S)ietlar)i= 

HAmt 




29.2 

23.9 

25.8 

21.1 

Goats 

HAint 



— 


29.5 


29.2 

Bolletfs 


•stained with periodic acid-Schiff reagent. 

tThe data of these autliors were originally given in mg. per 100 mi. of serum and have 
been recalculated as per cent of total. 
tHAm represents hexosamines. 


DISCUSSION 

Available data on the electrophoretic distribution of serum glycopro- 
teinsd’ •’ measured by the PAS stain, exhibit some discrepancies in the 
albumin and gamma zones (Table II). Some variation is undoubtedly the re¬ 
sult of interference by nonearbohydrate substances and individual differences 
in staining technique. Despite such variabilities the data obtained are in gen¬ 
eral agreement with glycoprotein patterns based on hexosamine and hexosc 
determinations.*’ *“ With the availability of a simplified analysis for hexosa¬ 
mines the disadvantages of PAS staining can be obviated. The use of hexosa- 
inine as a criterion is especially pertinent because of the increasing efforts to 
follow changes in total serum hexosamine in disease.*’ * The data of Eollet 
and Goa* (Table II) combined with those of this paper are a start in develop¬ 
ing a clearer picture of the normal distribution of serum glycoproteins as le- 
flected in the distribution of hexosamines. 
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SUMM \RV 

Xonual hiiinaii beia wore sopaiate*! electrophuietitMlly iLsiiig staich as the 
btdbilizing mediiuii. Defcrniinations for i)rotcin and he\osanuiie were made 
on the consecutive eluates. The average relative distribution of hexosamines 
in the eicctrophoretically separated zones was 27.1 per cent in alpha-1, 32.6 
l)er cent in alpha-2, 21.1 per cent in beta, and 19 2 per cent of the total hexosa- 
mine in the gamma fraction. 

Tho interest and advice of Drs. A. J. Bollct and B. 2ak are gT.itcfuU\ acknon lodged. 
REFERENCES 

1. Bjornesjd, K, B.: Staining of Protein Bound Serum P 0 I 3 saccharide in Electrophoresis 

Strips, Scandmav. J. Clin. &. Lab. Invest. 7: 153, 1955. 

2. Bollet, A. J.: The Hexosamiue Content of the Serum Globulins in Normal and Patho 

logical Sera, J. Clin. Invest. 36: 51, 1957. 

joa, J.: On Protein-Bound Carbohvdrates in Human Serum, Scandmav J. Clin. iS, Lab 
Invest. 7 (SuppJ ): 22, 1955. 

-.aurcll, C. B, and Skoog, N.: Quantitative Detenmnatioii of Glucoprotein Pattern of 
Normal Serum After Electrophoretic Separation on Filter Paper. Scandmav J 
Clin. &. Lab. Invest. 8 : 21, 1056. 

Laurell, H.: A Paper Electrophoretic Studv of the Effect of ACTH and Cortisone on 
the Protein Bound Serum Pol} saccharides m Some Patients With Rheumatoid 
Arthritis, Ulcerative Colitis, etc, Ciba Foundation Symposium, Boston, 1950, Little, 
Brown, A Co, pp. 58 70. 

Magalini, S. I., Stcfaniui, ^f , Nogucira de Magalbaes, M., Angelopoulos, B., and Kistoer, 
S: Electrophoretic Distribution of Serum Gl}coprotems m Some Hemorrhagic 
States, J, L.VB. Cliv. ilED -17: 923, 1956. 

irassi, B., Andres, G., and Andreoh, M : Protidogramma c Glicoprotidogramma Serico 
0 Liquorale in Soggctti Nomali ed m Meningonev rassitici, Kass. iisiopat. elm. 27: 
519, 1955. 

Winzler, R. J.: Determination of Serum Glvcoprotein«, m Methods of Biochemical 
Anal} SIS, edited D. Glick, vol. 2, New York, 1955, Interscience Publishers, Inc., pp 
279-311. 

Greenspan, E: Clinical Significance of Serum Mucoproteuis, Advances Int. Med. 7: 
101, 1933. 

Koiw, E, and Gronwall, A : Staining of Protein Bound Carboh.vdrates After Electro¬ 
phoresis of .Serum on Filter Paper, Scandmav J Clin. &. Lab Invest. 4; 244, 1952. 
Kunkel, H. G : Zone Electrophoresis, m Methods of Biochemical Anal}sis, edited D 
Click, voi. 1, New York, 1954, Intcrscience Publishers, Inc , pp 141 170. 

Lowry, O. 11., Rosebrough, N. J , Farr, A L., and Randall, R. J.. Protein ileasureraent 
with the Folm Phenol Reagent, J Biol. Chera 193: 265, 1951. 

Neuhaus, 0. W., and Letznng, M. A Determination of Hexosamines in Conjunction 
With Electrophoresis on Starch, Anal. Cbeni 29; 1230, 1957 
Wolfson, W. Q, Cohn, C., Calvary, E, and Ichiba, F.: Studies m Serum Proteins V. A 
Rapid Procedure for the Estimation of Total Protein, True Albumin, Total Globu¬ 
lin, Alpha Globulin, Beta Globulin and Gamma Globulin in 1.0 ml. of Serum, Am 
J. Clin. Path. 18: 723 730, 1948. 

Slietlar, M. R., Cahill, C., Stidwortby, G , and Sbctlar, C. L • Comparison of Continuous 
and Strip Paper Electrophoresis Technics for Stmly ot Serum Glv coprotein®, Proe 
Soc. Exper Biol S. Med. 93: 44, 1956. 


ACID MUCOPOLYSACCHARIDE EXCRETION IN THE URINE OP 

CHILDREN 

Ci-AYTON Rich, IM.D., Nicola DiPerkante, il.D.,'^ and Reginald M. Archibald, 

M.D., Ph.D. 

New York, N. Y. 

U RINARY acid mucopolysaccharide (APS) excretion has been measured in 
normal adults'’ - and children' and in patients with lupus erythematosus,^ 
rheumatoid arthritis,' and diabetes.^ The APS of normal human urine has 
been showm to be mainly chondroitin sulfate.*' It was observed that normal 
eliildren excreted amounts of APS which were several times higher than values 
observed in normal adults.' This report describes a study of its excretion in 
the urine of normal children, and of children with retarded or accelerated 
growth. 

MATERIALS AND METHODS 

Except for a few iiospitalized children, the subjects studied were outpatients, followed 
in the growth and development clinic conducted by one of us (E. H. A.), and normal siblings 
of a large number of these patients. Each patient had a complete history and physical 
examination and an x-ray of the wrists for interpretation of bone age.i One or more 24- 
hour urine sample from each patient was analyzed for APS (whicli is expressed as milli¬ 
grams of glucuronic acid per 24 hours) i and creatinine.® The patient or his parents nere 
carefully instructed before, and questioned after, the collection of urine and only those 
samples which were considered to be complete and to have been continuously refrigerated 
were accepted. Paper chromatography was carried out in the propanol, phosphate buffer 
^•stem described by Kerby.® 

Analyses of the Data .—Notwithstanding a history of complete collection, each sample 
was examined by an independent means to assess the reliability of the collections. Tins nas 
done by dividing the patients into 3 groups: those in whom determinations from 2 different 
urine samples were in close agreement, those in whom the creatinine excretion of a single 
urine collection was well within the normal range, and those in whom the completeness of 
the urine collection could not be verified. The first 2 groups were considered reliable. 

The entire group studied consisted of G1 male and 26 female children from 3 to 16 
years of age. In 49 of these patients, analyses were carried out for APS or creatinine on 
2 or more 24-hour urine specimens collected ivithia a period of 6 months. Prom 39 patients 
the values were within 15 per cent of their average, and these were accepted as representing 
complete collections. These patients were designated Group I. 

Of Group I, 24 subjects were considered to bo normal in that there was no diagno.sis 
of a metabolic or developmental abnormality, and in that the bone age differed by le.w 
than 1.5 j-ears from the clironological age. Eighteen of the normal subjects were male and 
0 were female. Of the patients in Group I, only the normal males were numerous enough 
to permit separate statistical analysis. The normal daily creatinine excretion is shown for 
tliis subgroup in Pig. 1. 
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Tlio remainiDg 38 subjects in this studj had onlj one unne ‘•pecimen analyzed for 
VPS and creatinine Of the 23 normal males m this group, 17 hal values for creatinine 
excretion •nhich were within one '•tandard error of the normal as determined by the Lme 
of regression for the data m Fig 1 The'«e 17 subjects were designated Group II The 
normal males in Groups I and II were analyzed «cpdratel\ in regard to VPS and creatinme 
excretion related to age, bodj weight, and surface area Thev were found to be homogeneous 
in the*^ resjects and were therefore considered together for all further analT«es 



2 4- 6 a 10 le 14 16 


Chronolo9ical age Cyps) 

Fiff 1 —The creatinine excretion of normal male children 

In 31 patients, the accuracy of urine collection could not be x ended The«e subjects 
were designated Group IIL All of the urme collectioos from patients in Group III were 
considered to be incomplete, but to represent a major fraction of the 21 hour period 

Whenever inspection indicate! a linear correlation between a measurement and the 
subject’s age, a line of regression was determined by the method of least squires Standard 
statistical analysis was cmplojed^ 


Tvble I The Cpeativine Coefficients of Nopiixl Male CuiLDrES 


\GF 

1 cpekttndse coefficient 

1 (itc /24 SR./b.G ) MEAN ± S D 

<7 

14 0 and ID 1 

7 8 

23 4 + 4 0 

•) 10 

22 0 i 2 7 

11 12 

24 2 ± 8 7 

11 14 

24 9 + 5 0 

lo 10 

2S0 ± 44 


REbliLTls 

Tbe cieatiiiine coefiScient of the noimal males ■\vas found to \ar\ widely 
in any age group The mean \alues at different ages aie indicated m Table 
I It can be seen that the creatinme coefficients of tbe youngest patients weie 
possibly lowei than the noimal adult -values of 20 to 26 This is consistent 
with numerous reports of low creatinme coefficients in early childhood*® How 
evei, in the children fiom 7 to 16 years of age, there was no statistically signifi 
cant change in the cicatinine coefficient with age The few values obtained 
for females indicated lower creTtiiiine coefficients for this sex at all ages (36 3 
dr 2 6 mg/24 hi/Ks) 
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Tho 24-hour excretion of APS iii noruuil males and females (Groups I ami 
11) is indicated in Pig. 2. In males there was a progressive increase in APS 
excretion. This was maximum between the thirteenth and fifteenth year. The 
highest values of 18 to 23 mg. were 3 times the normal adult value‘' - and as 
liigh or higher than the values seen in adults with pathologic states associated 
with increased APS excretion.^* ‘ The values recoi'ded for females were lower 
than those of males but showed a similar increase during adolescence. This 
increase occurred, as expected, at an earlier age in female than in male childi’en. 
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Fig. 2.—^The acid mucopolysaccharide excretion of normal children, (The dashed line Joins 
the mean of each 2-ycar period for male children.) 


Table II. The Lineab Corbelations Between the Ratio of APS Excretion to Weight 

OR Creatinine Excretion and Age 


GROUP .VNALYZED 

ABCISSA 

(X-.VXIS) 

ORDINATE 

(V'AXIS) 

UNE OF REGRES¬ 
SION ± S.E. 

COEFFICIE.N’T OF 
COKKELVTIOX ± 

S.D. 

Normal males 

Groups I and II 

Chronological 
age (yr.) 

APS (mg./24 Ur.) 
wt. (Kg.) 

y = 1.09 - 0.047 
X ± 0.33 

- 0.32 ± 0.12 

Same 

Same 

APS (nig./24 hr.) 
creatinine (Gm./ 
24 hr.) 

y = 18.8 - 0.73 x 
±2.3 

- 0.64 ± 0.09 

All males 
(Line for Pig. 3) 

Bone age (yr.) 

Same 

y = 17.9-0.71 X 
± 2.3 


All females 
(Line for Fig. 4) 

Same 

Same 

v = 16.7 - 0.76 X 
' ± 1.8 



It is useful to relate any determination from children of different ages to 
some index to compensate for their continuously increasing body mass. The 
commonly used indices are weiglit, height, surface area, and creatinine excre¬ 
tion. The ratio of APS excretion to height or surface area correlated 
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poorly ^\ltIl age When the latio of APS e\cietion to ^\elght oi creatinine 
excretion was related to age in this gioup of noimal males, the linear correla¬ 
tions presented in Table II were obtained The calculations from this table 



4 6 8 10 12 14 16 18 

Bone age (yps) 


Fife 3—The aci 1 mucopoU'^accharidc creatinine ratio related to bone a^c of all male cliildren 
studied (Data from hypothyroid children arc not included } 



2 4 6 8 10 12 14 16 18 

Bone age (yP5) 


Fig 4—The acid inucopoU saccharide creatinine ratio rel ited to bone age of all female 
ciiildren studied (Data from hypoth>roid children though plotted are not included in the 
statistical amljses ) 

show that tlie coiielatioii of the APS weight latio with age was of little 
significance, but that the coiielation of the APS cieatinine latio with age was 
Significant As the age incicased, there was a legular decrease of the amount 
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of APS excreted per unit of creatinine excreted. This correlation was im- 
pi’oved when hone age was used in place of chronological age. The use of 
creatinine excretion as an index permitted the inclusion in the anatysis of 
patients in Group III. 

In Figs. 3 and 4 the APS :ereatinine ratio was compared with the bone age 
for all the males and females, respectively, in the study. There was an obvious 
difference between the lines of regression drawn from the data from these 2 
gi’oups. In both groups the APS :creatinine ratio decreased with age at ap¬ 
proximately the same rate, but in females this ratio was lower than in males 
at all ages. The patients of each sex with advanced or retarded bone age 
were analyzed separately, and found to show no significant difference from the 
normal subjects when bone age, but not when chronological age, was used. In 
every case, the correlation between the APS ;creatinine ratio and the bone 
age was superior to the similar correlation with the chronological age. 

The diagnoses other than advanced or delayed growth were enuresis (9 
tinres), dwarfism with or without pituitary or gonadal insufficiency (5 times), 
alopecia totalis or areata (4 times), hypothyroidism under treatment (3 times), 
and each of the following once: anorexia nervosa, Osgood-Sehlatter’s disease, 
and adequately treated thyrotoxicosis. There was no difference between the 
APS ;creatinine ratio of any of these patients and the others of their sex except 
in the ease of the treated hypothyroid subjects, who had APS icreatinino ratios 
conspicuously below the values for their ages. (Except in one instance, these 
ratios deviated from the nonnal by more than 2 standard errors and none were 
included in the statistical analyses. Their positions are indicated in Pig. 4.) 

The APS isolated from a number of urines which contained large amounts 
of APS and from several of the younger subjects would not pass by dialysis 
through a cellophane membrane. Its behavior during paper chromatography 
and subsequent reaction witli toluidine blue was identical to that previously 
described for APS from normal urines.*’ -• ® 

It was possible to extend these observations to a very eaily stage of life 
because of the interest and enthusiasm of Dr. Helen Ossofsky at the New 
York Ho.spital, who made available four 24-hour urine samples collected by 
catheter from each of 2 infants. A normal male one month old excreted 2.G 
±: 0.5 mg. APS glucuronic acid and 0.044 ±: 0.006 Gm. creatinine per day, and 
a 1.5-month old girl with osteogenesis imperfecta excreted 3.2 ±: 0.3 mg. 
glucuronic acid and 0.032 dt 0.006 Gm. creatinine per day. The APS:ereat- 
inine ratios of these 2 infants were 59 and 97. 

DISCUSSION 

It has been shown that the urinary APS is not a product of the kidne> 
or urinary tract- and further shown that in pooled urine from normal adults 
and children this APS is mainly chondroitin sulfate.® Chondroitin sulfate has 
also been demonstrated in normal human plasma." The urinary excretion o^ 
APS is elevated in several diseases associated with abnormal metaboli-sm oi 
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iiiueopolysaccliaiide rich connective tissues ^ * It is reasonable to suppose that 
the uiinaiy mucopoljsaccliaiide excietion is a lefiection of the metabolic state 
of the chondroitin sulfate containing tissues of tlie body 

The data piesented in this stud 3 '- indicate that there is a legulai deciease 
with age of the amount of APS evcieted pei unit of creatinine exeieted Tlie 
latio of APS cieatinme excietion attained adult \alucs at about 17 \eais in fe 
males and 21 jears in males To tlie extent that these data reflect tissue acid 
niucopolysaccliaiide metabolism tlicj indicate that an initiall}' \ei’y acti\e proe 
(ss gradually decieased as the giowth late fell with increasing age, to leacli 
adult levels about the time when giowth stopped 

SUMMARY 

1 Acid miicopoljsaccliaiide (APS) excietion has been dcsciibed foi 
childien of both sexes whose ages weic between 3 and 16 jeais Theie was a 
giadual inciease in APS cxeiction dniiiig childhood which became maximum 
dming eailj’ adolescence 

2 The latio of APS excreted per day to cieatinme exeieted per day was 
found to gi\e a linear coiielation with age As age incieased, a regulai de 
cicasG occuiied in the latio of APS excietion to cieatinme excretion 

3 There was no diffeience iii the APS cieatniine ratio between normal 
childien and ehildien with adtanced oi delated bone age if tins ratio weie coi 
related with bone ago rather than chiouological age 
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THE EFFECT OF MOEPHINE SULFATE UPON THE EENAL 
EXCEETION OF WATER AND SOLUTE IN MAN 

SoLOJioN Pappeb, M.D., Lawrence S.vxon, IMaukice B. Burg, jM.D., 

H.VROLD W. Seifer, M.D., AND Jack D. Rosenbaum, jM.D. 

Boston, Mass. 

T hat the administration of morphine may be followed by a decreased rate 
of urine formation has been known for a half century.^ It is commonly 
stated that this change is mediated primarily by the release of antidiuretic 
hormone (ADH). Such statements derive largely from studies in which large 
doses of this alkaloid were administered to experimental animals.-'“ Observa¬ 
tions concerning the effects of therapeutic doses of morphine on the rate of 
urine flow, glomerular filtration rate, and solute excretion in normal man are 
so limited and eontradictory‘“'^^ that a study of such effect was undertaken. 
The data presented demonstrate that morphine, when administered in usual 
therapeutic doses to healthy men, may decrease the rate of water diuresis 
without evident release of antidiuretic hormone. Such antidiuresis occurs con¬ 
comitantly with a reduction in glomerular filtration rate and solute excretion. 


METHODS 

A water load was established on 22 occasions in 16 normal subjects by the oral admin¬ 
istration of 20 ml. of tap water per kilogram of body weight. The water load was maintained 
throughout the experimental period by providing sufScient water after each voiding to 
restore body weiglit to the value attained after the initial loading. Tlie subjects remained 
recumbent tlirougliout the experiment except when they stood to void. After diuresis had 
Ijegun, voided urine was collected at intervals of no greater than 30 minutes in all but a few 
experiments. After at least two periods of “maximal" diuresis, morphine sulfate wiis 
administered in a dose varying between 7.3 and 30 mg. snbcutanoously or 5 to 10 mg. intra¬ 
venously. Uiine collections were continued for variable periods of time, generally for lOo 
to 250 minutes after drug administration. 

Samples of venous blood were obtained during the height of diuresis and at the end 
of the study. Blood and urine were analyzed for their content of sodium, potassium, chloride, 
and creatinine by methods previously described from tills laboratory.rs Total osmolality 
was determined by freezing point measureinciit, employing a Fiske osmometer. Inulin and 
paraaminoliippurate clearances were deteiraiued in 2 subjeets-m, i" Equations given by 
Smith were employed for calculation of osmolal and fiee water clearances.is 


RESULTS 


1. The central nervous system effects of morphine were apparent witlnii 
30 minutes in all but 2 subjects. The manifestations varied in intensity and 
consisted of drowsiness, ‘‘wealutess,” relaxation, dizziness, and pupillary con¬ 
striction. In Subject 13 very mild drowsiness and pupillary constriction were 
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Numbers 

noted foi the first time one hour after the morphine was given Subject 16 
had no subjective symptoms but his pupils became small at the end of an houi 
Nine subjects developed nausea at some tune duiing the e\peiiment Changes 
in blood pressure did not occui except m one subject uho manifested postuial 
hypotension on a single occasion 

2 In 17 of the 22 expeiiments, within 10 to 55 minutes aftei moiphine 
administration, mine flow decreased b\ 2 1 to 6 6 ml pei minute (Table I) In 
8 of these 17 the decrease in flow was obseiicd within 30 minutes aftei morphine 
was guen The diminution in mine flow was not accompanied by a significant 
use in mine osmolality This decnasc in diuiosis was associated with a leduc 
tion in endogenous creatinine clcaiancc \aiying between 10 and 41 ml pei 
minute m 16 of the 17 cxpeiiments * In 16 of the 17 studies theie was a dc 
ciease in total solute cxcietiou laiviiig between S3 and 476 /iOsm pei minute 



0 30 60 90 120 >50 160 210 

MINUTES 

Fig- 1—The effect of morphine sulfate (15 nip subcutaneously) upon the renal excre 
tion of A\ater and solute In Subject 3 The nuii bers in brackets are the urine concentrations 
(mOsm/Li) for the rcspecti\c periods 

Tlieic was little change in the mmai'y concentration of sodium and chloride 
when the latc of excietion of these ions decreased with the decline in flow 
except 111 one experiment The minaiy coiicentiation ot potassium also le 
iiiaiiied fairly constant when flow diminished, but its rate of excietion dc 
Cl cased in all save 3 instances As shown in Table I, there was a dcciease 
in osmolal cleaiances in all but 2 experiments (12a and 12b) and free water 
deal nice generally dccieascd concomitantly 

The conccntiation of total solutes and ot sodium in scium mtasiucd at the 
height of the initial duucsis and again at the end of the study lemaiiicd un 
changed 

Data illustialing the cnliie couise of > expuimeiits aic depleted in Figs 
1 to i In Subject 3 (Fi„ 1) the initial pioiupt eleeicase in uiuic flow was 
associited with a stiiking leduction m cicitinine clcai incc ind a decline in 

•In Subjects 4 and 8 inulln clearance as ^\ell as creatinine clearance ns determined 
and comparable results obtained (Table I) 
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the rate of solute excretion. Approximately 2 hours after the administration 
of morpJiine, there was a further decline in urine flow with a rise in osmolality 
from 69 to 87 mOsm./L. This subject had nausea and vomited at the end of 
the experiment. Subject 7 (Fig. 2) had a prompt reduction in urine flow 

morphine sulfate 



MINUTES 

Fig. 2.—The effect of morphine sulfate (30 mg. subcutaneously) upon the renal excre¬ 
tion of water and solute in Subject 7. The numbers in brackets are the urine concentrations 
(niOsm./E.) for the respective periods. 



Fig. 3.—The effect of morphine sulfate (10 niff, intrip-enously) upon ^‘^"oLe'ntra- 
tion of water and solute in Subject Oa. The numbers m brackets are tlie urine coi c 
tions (mOsm./l^.) for the respective periods. 


associated witli a decline in creatinine clearance of 12 ml. per minute tim •> 
decreased rate of solute excretion but without a rise in urine o.smolality. - P- 
proximately 130 minutes after niorpliine administration there wa.s a stn'iiiit 
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rise in urinaiy concentration.^ Experiment 9a (Fig. 3) is of particular inter¬ 
est in ^new of the fact that the initial decrease in diuresis was followed by a 
subsequent return toward the control values. These changes in urine flow 
were associated with a decline and later reeoverj’’ of creatinine clearance and 
solute excretion. There was very little change in urinary concentration through¬ 
out the expei-iment. 

3. In 5 studies a prompt reduction in urine flow greater than 2 ml./min. 
did not follow upon the administration of morphine (Table II'). In Experi¬ 
ments 9b and 13 there was a decline in flow of 2.0 ml./min. and 1.7 ml./min., 
respectively, within 40 minutes after morphine was given, associated with a 
decrease in solute excretion, but without decrease in creatinine clearance. Urine 
osmolality rose slightly. Subjects 14 and 15 bad a late fall (within 79 and 
104 min. after morphine, respectively) in urine flow of more than 2 ml./min. 
with a decrease in the rate of solute excretion and a reduction in creatinine clear¬ 
ance. In both instances there was an over-all rise in urine osmolality of more 
than 10 mOsm./L. Subject 16 bad a rise in urine flow, increased rate oi 
solute excretion, and a small increase in creatinine clearance without significant 
change in concentration of the urine. 

4. In 6 (Subjects lb, le, 3, 5, 7 and 8) of the 17 experiments, in which 
the administration of morphine induced a prompt decline in urine flow without 
rise in osmolality (Table I), there was a later decrease in urine flow of more 
than 2 ml. per minute. This decrease was associated with an abrupt rise in 
urine osmolality of more than 10 mOsm./L. and occurred 65 to 143 minutes 
after morphine administration (Table III). In Experiments lb and Ic these 
changes showed definite evidence of reverting toward the control values within 
90 minutes. A similar late decrease in flow and rise in urine concentration took 
place in Experiment 14 in which the earlier decline did not occur (Table III). 
In 5 of these 7 instances, the patients experienced nausea. 


DISCUSSION 


The administration of morphine in therapeutic doses to normal men during 
water diuresis generally resulted in a decrease in the rate of urine flow which 
cannot be attributed to increased antidiuretic hormone activity in view of the 
fact that the concentration of the urine did not increase. Although a modest 
rise in osmolal concentration of a hypotonic urine may not be attributed to anti¬ 
diuretic hormone effect with complete confidence, unless filtration rate remaias 
the same or increases and the rate of solute excretion remains the same or de¬ 
creases,it is apparent that increased ADH activity cannot be invoked to 
explain a decrease in flow unless the urine becomes more concentrated. The 
administration of the alkaloid was followed by a decrease in the rate of solute 
excretion and reduction in filtration rate, changes that alone or together are 
sufficient to accovuit for a decrease in the rate of urine flow.t In the 7 subjects 


•The late marked fall in creatinine clearance in this experiment is probably at least in 
part an artifact due to "dead space error’’ during an abrupt fall in flow.” 

tOn the basis of recent observations in dogs“. it n'isht be e.\pected that an abrupt 
fall in filtration rate alone, without the intervention of ADH, would lead to M _ 

urine osmolality. Such an association in tlie present study wa.s not observed even '1 
endogenous creatinine clearance was decreased by over 30 per cent. It nPOoren^t that 
species difference m.ay exist. Moreover, even In the dog increased urine o,° 40 ontratlon In 
simnse to lowered filtration rate has not always been observed.-^ Precise definition of facto - 
determining this relationship requires further elucidation. 
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who demonstiated a late rise m mine osmolalitj, it is probable that a subsequent 
release of ADH occuiied It may be noted tint 5 of these subjects had nausea 
which in itself might stimulate secretion of ADH Since the action of ADH is 
almost instantaneous, the delajed antidiurctic response cannot he ascribed to 
an earlier release of hoimone 

The data derived fioni extensive animal studies indicate that undei ceitain 
conditions moiphinc acts to stimulate the iclcasc of ADH DeBodo'' obseived 
unequivocal inhibition of vvatei dimcsis in noimal dogs who leceived 2 5 to 5 0 
mg per kilogram of body weight of moiplnne sulfate suhcutaneouslv or intra 
venousl> Fiuthei, he sliowed that an intact neiuohvpophvseal svstem was 
necessaij foi the antidimetic action, and that morphine inhibited diuresis even 
after one adienal gland was removed while the othei was dencivated and domed 
ullated He also demonstiated that morphine did not potentiate the action of 
posterioi pituitarj" extract in dogs with diabetes insipidus Duke Pickford and 
Watt*'* obseivcd that verv much smallei iiitiavenous doses of morphine (0 08 
mg pel kilogiam or less) pioduced antiduiresis in the dog This response 
was abolished bj section of the supraopticohvpophvseal tiaet The final evi 
dence for a direct effect of morphine on the siipiaopticohvpopbjseal sjstem un 
der these conditions was provided bj the same investigators who demonstrated 
antidiuresis after 4 to 32 /xg of moiTilune were injected into one or both supra 
optic nuclei during watci diuresis in chloialose anesthetized dogs Other in 
vcstigators have repoited that the antidiuresis induced bv morphine in animals 
with uitaet posterior pltultar^ gland vs as associated with the appearance, in 
the urine of an antidimetic mateiial which was not morphine and which lo 
semblcd vasopressin ^ ® ’ Nallorphine, which had no effect on diuresis m rats, 
has been reported to inlubit the antidiuictie action of morphine*'^ ’’ It would 
thus seem that in the dog the administration of moiphine stimulates the release 
of ADH and it also seems fairly clear that m laige doses it has the same effect 
in the rat 

The possible role of altered renal hemodj nainics in the decline in mine flow 
following morphine administiation in animals has also received some attention 
Antidimetic action of the drug has been repoited in dogs v\ith diabetes in 
sipidus* ® Handley and Keller concluded that a dose of 1 mg of moi*phine 
per kilogiam intravenously in the dog acted oiilj to stimulate ADH while 2 
mg per kilogiam also resulted in a decrease in filtiation rate (cicatimne clear 
ance) * Crawford and Pinldiam* also postulated a dual mechanism of moiphme 
action, a ‘^potentiation” of ADH and a renal mechanism, the latter pre¬ 
dominant in “hyposthenmii/” rats As indicated above, Duke, Pickford, and 
Watt^5 observed inhibition of water diuresis by very small doses of morphine 
unrelated to changes in renal plasma flovv oi filtration rate 

•Our obser\aUon3 concernins nallorphine are Umited to one experiment. Subject 5 was 
given 15 mg' of the drug subcutaneously on one occasion His urine flow decreased within 
20 minutes from 19 0 ml /min to 13 1 ml/mm without change in urine osmolatitj (47 and 4S 
mOsra/L) but with a decline In creatinine clearance from 120 ml/min to 9S ml/min and 
a reduction In solute excretion from 925 aOsm/niln to 634 *iOsm/min Forty minutes after 
nallorphine a(lminlstH,tion he became cxtremclj nauseated and experienced bizarre feelings 
that he was unable to describe 
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A variety of diverse experiments in Imman subjects ha^m been reported. 
The administration of morphine sulfate in therapeutic doses has been reported 
to cause a reduction in urine flow by a number of investigators.In 
some instances this has been shown to be associated Avith a rise in urinary con¬ 
centration of sodium and chloride'"’” and a reduction in filtration rate.'* In 
one study there was an accompanying decline in paraaminohippurate clearance 
without change in filtration rate as determined by the clearance of sodium thio¬ 
sulfate.'- The study of Kraushaar, Bradbury, Wang, and Brown'' is of interest 
in that morphine inhibited the rate of diuresis witliout increase in urinary 
specific gravity or urinary chloride concentration. The rate of chloride excre¬ 
tion generally decreased. The same investigators also observed that the ad¬ 
ministration of morphine to 2 women eonsidered to have diabetes insipidus was 
followed by a decrease in diuresis, albeit less striking than in the normal. They 
concluded that increased ADH activity cannot explain the effect of morphine 
on the rate of urine floAv in normal women. DeBodo, commenting on these ob¬ 
servations, Avas of the opinion that the studies did not constitirte evidence against 
increased ADH as the mechanism of the morphine induced antidiuresis and sug¬ 
gested that the 2 Avomen Avith diabetes insipidus had some residual posterior 
pituitary tissue.-" Walker, on the other hand, gave 20 mg, of morphine sub¬ 
cutaneously to 7 normal subjects and observed no change in urine flow despite 
the presence of nausea and vomiting in some instances.'" None of these studies 
in man included measurements of total osmolal concentration of the urine nor 
was there demonstrated a rise in solute concentration Avithout change in filtra¬ 
tion rate. Thus the evidence for ADH release in man folloAving morphine 
administration is limited. 

In contrast to the demonstrated stimulation of ADH release in animals 
given morphine, it is apparent that in normal man morphine can decrease the 
magnitude of a Avater diuresis independent of increased ADH activity. This 
difference may be attributed to species variation or to the large doses of morphine 
emploj’^ed in most of the animal studies compared Avith the smaller (luantities 
administered to man. However, the latter explanation cannot apply to the 
observations of Duke, Bickford, and Watt Avho found evidence for ADH re¬ 
lease in dogs after the intravenous administration of morphine in doses as low 
as 0.08 mg. per kilogram intravenously."" 

The mechanism responsible for the observed reduction of ercatinine clear¬ 
ance and solute excretion after morphine administration cannot be inferred 
from the data presented. ^Morphine has little effect on cardiac output, blood 
pressure, or peripheral resistance in normal recumbent man, although orthostatic 
hypotension is reported."'’"" Blood pressure did not change in our studies. 
Therefore, it is possible that morphine alters renal function by a direct effect 
on the intrarcnal circulation. 

The duration of the alteration in urine flow, .solute excretion and creatinine 
clearance Avas variable. In one half of the subjects avIio c.xhibited a decline in 
creatinine clearance after morphine, a return toivard the control values occurred 
from 70 to 2IS minutes after alkaloid administration, Avhile in the other hall 
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no such tiend \\as obsei^ed diuiiig the expciimeiital peiiod Uiine ^lo^\ did 
not letuin to contiol valncs diuing the peiiod of obsei\ation, but the lolc of 
late ADH reledse in 7 eNpeiiments and the supciimposed influence of the diuinal 
e\cietoi\ ihjthm ot ^\atel and solute complicates interpietation 

The piesent studj was not designed to deteimine the abihtj of patients, 
whose clinical management leqiiues the ficqucnt administiation ot moiphinc, 
to e\ciete a laige \olunic ot adnuiiistcicd watei duiiiig a 24 hoiu peiiod IIow 
evci, it IS appaient that the leduction in uiiiie flow induced by a single dose 
of moiphinc in a majoiity of subjects, would not ha\c compiomised then abilitj 
to e\cietc copious mine duimg a pciiod ot scieial horns jMoic maiked im 
panmeiit was obseiicd onh in those instances when pionounccd ADH (ffect was 
manifest On the othei hand, it is possible tliat in patients who aie e\peiiencing 
pain with consequent ADH lelcase, the administiation of moiphine bi allaiing 
pain ma> inhibit ADH lelease and hence piomote dnuesis * 


CONCLUSIONS 

1 Moiphino sulfate was admnnsteied m thciapciitic doses, subcutancouslv 
and mtiaienouslj, on 22 occasions to 16 noimal men undcigoing watci diuicsis 

2 In 17 of the 22 c\pciiments, the administiation of moiphinc was followed 
within 10 to 55 minutes b> a dicicase in mine flow of nioic than 2 0 ml 
pel minute The deeieasc in flow was unaccompamed bv a use in mine osmo 
lalitj, but was associated with a decicase in tndogenous cieatminc cleaiance 
and the late of total solute e\cietioii 

3 In 7 c\peiiments, thcic was a late decicasc in mine flow associated with 
a iisc in mine osmolalitj 

4 iloiphinc sulfate, administcicd in theiapeutic doses to noimal men, 
Ilia} icsult in a dccicasc m mine flow without eiidcnt lelease of antidiuretic 
hoiiiione The docicuse in diuicsis inai be attiibutcd lathci to the obseived 
decrease in glomciulai hltiation latc and in late ot solute e\cietiou 
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COAIPLEaiENT FIXING ANTIBODY KESPONSE TO AI PROTEIN OF 
NEPIIRITOGENIC STREPTOCOCCI I\ 
GLOAIERULONEPIIRITIS 

AIvr\ Bone, HD,* Abrahvm I Bkaldc, AID vnd Herman Kleinmvn AID 
Dvllas, Tews 

T he piedommaiit isolation of type 12 sticptoeocci fiom patients ^\lt]l acute 
gloiiieiuloaephntis has led to the hypothesis that only ceitain stieptococeal 
types have ncphiitogemc piopeitics ^ If this hyiiothesis is 'v ahd patients a\ith 
glomeiiilonephiitis should develop tyqie specific antibodies to stieptococcal 
Alpiotem of ncphiitogemc types In an effoit to detect such antibodies a 
senes of nephritic seia wcic e\amincd by the mouse piotection and bacteii 
ostatic methods Although the results cleaily dcmonstiated the occuuencc of 
type specific antibody to nephiitogcnie stieptococci in the sen it i\as ap 
paiuit that techmcal and biologic factois limited the application of these tests 
The piotection test requiicd not only a mouse \iiulent stieptococcus, but also 
large quantities of seium, and the bacteiiostatic test was not always leliable 
if acute phase substance oi antibiotics were picsent in the patient s seia Be 
cause these difficulties could be cucumvenfed with a proceduic that did not 
lequiie living stieptococci a complement fixation test was dcMsed using AI 
protein ot nephiitogeiiic streptococci as tlic antigen An extensile search of 
the hteiaturc revealed no preiious lepoit demonstrating complement fixing 
antibodies to stieptococcal A[ piotun m human seia 

IIVTERIVLS VND METHODS 

Chmeal Material —The conijjlenient ftxatiou test was apjjlied to '*era troia 2 separate 
groups The fir-it consisted of o4 Indian children from Ked Lake, Xlinne&ota with an a\er 
age age of 5 j ears, 44 per cent of w hoiu were boj s Serum was obtained from these patients. 
- years after their recovers from acute epidemic glomerulonephritis occurring in the Re 1 
Lake Indian Re er\ation of M^I^le^ota•* The second group was composed of 52 cases of 
glomerulonephritis which occurred sporadically in tin. Dallas area The a%erage age lor 
this group was lo years with 53 per cent of the causes occurring in males Strum was ob 
tamed during the acute illness and for penols up to 30 months following recovery Dit 
final group consistel of jJ iioiinephntic adults who '*er\el is normal controls 

Ihe iliagno&is of acute glomerulonephritis in the patients of group II was suggcstel 
111 all cases by hematuria The niajontv also developtl edema, hypertension, a rising ASO 
titer, or a combination of thest features which cstabli hed the di ignosis beyond a doubt 

inttstr€ 2 )tolybin 0 —411 VSO titers were determine I b\ Iht procedure of Rantz and 
Randall 3 
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J/ili’i/eiix.—Tho ;uitigca.s wore prciKirctl by tliu acia-oxtraotioii iiiotliod of LmicofieliB from 
4 type.s of Group aV strej)tocoi‘oi: 3, 40, 12, and the new provi.-.ioiia) Red Lake (RL) typc.s 
aVU organisms wore typed as such in the lalioratories of J)r. Elaine i:p<lyke at the Commiiiii- 
oablo Disease Center in Chamblco, Georgia. The KL and type 12 streptoeocei were iso¬ 
lated ftoin patients with aeuto giomemionephritis, tile KL from a patient in DaOa.s. The 
cell sediment from an LS-hour grorvth in 4,5 L. of Todd-Hewitt broth was obtained liy cen¬ 
trifugation, resuspended in 100 ml. N/20 HCl and heated in a boiling wiiter bath for 10 
minutes. After cooling, the suspension was neutralized with 1 N NaOH to a pH of 7.2 to 
7.4, The clear, yellowish supernatant obtained by centrifugation of the neutralized sus¬ 
pension was stored at 3° to 0° G. after Alerthiolate was added to a final concentration of 
1:20,000.* Antigenie activitj' of tliese extracts remained stable during refrigeration for a 
period of 4 or 5 months. The extracts were discarded when clouding or contamination 
rendered them unsatisfactory for use in the complement fixation test. 

Antigenic titration was performed with varying dilutions of the extract against a 
1:10 dilution of absorbed sera obtained from trvo patients with acute glomerulonephritis, 
one following a type 12 and the other a RL streptococcal infection. The type 12 antigen 
was also titrated against ii 1:10 dilution of absorbed rabbit antiserum prepared by the 
method outlined in Standard dfef/iods.>* The antigeuie unit was the smallest amount of anti¬ 
gen preventing hemolysis of sensitized sheep cells in the presence of a positive human 
sormn, 2 full units of complement, and 2 full units of hemolysin, f Tuo antigenic units 
were used in the complement fixation test as recommended by Kolmer” whose procedure was 
followed throughout. Because no positive sera were avaibable for titration of the T3 and 
T40 antigens, undiluted extracts were used in the tests. 

Sera .—All sera were absorbed with a streptococcus of a type different than those 
from which the il-protciu antigens were extracted in order to eliminate nonspecific reac¬ 
tions with traces of other antigens which might not have been removed during the acid 
extraction procedure. Absorption was performed by mixing ccpial parts of serum and a 
suspension of packed cells of beat-killed T2 streptococci, usually in the quantity of 1 ml. 
each. Tho ceils which had been killed by heating for one hour at 5(1° C. were mixed 
thorough^'’ with tlie serum and incubated at 37° C. for 30 minuto.s, followed by IS hours at 
3° C.* Tho serum was separated from the cells by centrifugation (5,000 to 6,000 r.p.m.) 
for one hour. The supernatant serum was traii.sferred to clean test tubes and recentri¬ 
fuged at the same speed for 30 minute.s; this procedure was repeated and the serum then 
inactivated by heating for 30 minutes in a 50° C, water bath. The repeated rapid cen¬ 
trifugation and complete removal of all absorbing cells effectively avoided the reported 
tendency for absorption to render serum anticomplementary.s 

Technique of Comidcmcnt Fixation Test .—A quantitative complement fixation test was 
performed according to the method of Ivolraer.‘® Since identical results were obtained 
with the regular and one fifth quantitative method.s, the latter has been used more often to 
conserve serum. Tests were considered negative when complete hemolj'sis was noted in all 
tubes; doubtful reactions were recorded when the first tube (1:4 serum dilution) contained 
a questionable or 1 -r turbidity; and a positive test contained at least a 2 -t- turbidity in 
the first tube. 

RESULTS 


Epidemic Nephritis .—Among the iiiiabsorbed sera obtained from the 54 
Eed Lake Indian children 2 years after the epidemic of glomerulonephritis, 53 
fixed complement with a RL extract and 33 did so with the T12 extract. After 
absorption of 33 of the sera with the indifferent streptococcus, T2, 19 remained 


be 


‘The addition of Merthiolate may raise the pH slightly and neutralization may 
retiuired with 1 N HCl. , 

tDried guinea pip complement obtained commercially from Hyland Laboratories ann 
Bacto-Antisheep hemolysin from Ditco Laboratories were used in all tests after flrst titrating 
the e.vact amount to be contained in two full units. 
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positne aiul 7 doubtful uitli the RL antigen, uhereas 2 ■\\eie positne and 2 
doubtful with the T12 antigen (Tabic I) The piolonged antibody iespouse 
in these TndiaiLs at Red Lake ma\ be related to the peisistenee of the RL strep 
tococcus m the epideniie aiea and the lepcated occuiicncc of subclmical e\ 
posuies diuing the ensuing 2 yeais This is suppoitcd bj the isolation of the 
Red Lake stieptococcus fioni the n.isophu>ii\ of asymptomatic cairieis dm 
mg cultuial studies peifoimed at the time the RL soia wtic obtained It is 
also possible that antibiotic theiapy may have been insufficient to eiadicate 
the ctiologic agent since the a\engc total penicillin dose of 1 3 million units 
lecencd by the RL nephiitic was only 1/10 that gncii to the aveiagt spoiadic 
nephritic m the Dallas aica 

rvBLE I Results of C F f/sr Tjsisc U\u»soputD vnd Vbsopbed Slfv Fpoii 33 Red L.\ke 
Indians Ti\o \f:.\ps Timm Reco\er\ Fpom Vclte GLOiiEPiLosErnpiTis 
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1 ABSORBED SEP V 

A S 

2o0 

444300’ 

43*000 

442000 

- 

s 

IJo 

444000 


+ 


MAG 


432000 


444200 

41*000 

L G 

333 

444400 

3*0000 

444430 


P G 

160 

444000 


421000 


G H 

333 

444410 

300000 

432100 


J M 

333 

444400 

300000 

444100 


E M 

135 

444400 

400000 

3*0000 


L D 

50 

442*00 

± 

. 


V D 


444000 


- 

> 

J G 

100 

442000 

442000 

441000 

400000 

S D 

2o0 

442000 

. 

. 

- 

E S 

166 

444 lOU 

411000 



B W 

166 

431000 


- 

- 

M H 

250 

441*00 

. 

. 


B R 

100 

4J4400 

4*1000 

22*000 

- 

il H 

oOO 

444400 

3*0000 


- 

D D 


442000 

400000 

+ 

i 

W G 

100 

443000 

411000 

- 


H L 

2o0 

444100 

4±0000 

443000 


B fe 

166 

440000 

+ 

200000 

- 

H S 

100 

444100 

+ 

444300 


J fe 

166 

444000 

320000 

4+0000 


J K 

333 

444400 

+ 

411000 

_ 

V K 

166 

444100 

+• 

41±000 

_ 

J R H 

333 

444400 

441000 

433100 

+ 

T L 

2o0 

444300 

400000 



V G 

166 

442000 


400000 


J G 

100 

443*00 

4*0000 

444100 


W G 

333 

444400 

443000 

444200 


R G 

100 

444000 


- 


D H 

100 

444400 

410000 

444400 


F D 

100 

444200 

430000 

41+000 



•12 3 1=1+ "’+3+ or 4 + complement flxation the series of numbers represents 
the reactions in serial dilutions of sera beginning with 1 1 


Sporadic Nephntis —Unlike the Red Lake scia, the absoibtd sera from 
the 32 Dallas nephiitics leacted as fuqmntly with the T12 antigtn as with the 
RL antigen (Table II) Dlc\ui stia ga\c a positnc icaction when tested with 
either antigen and 13 scia which wcic positi\c with one antigen gaNc a doubtlul 





708 


BONE, BRAUDE, AND KLEINMAN 


J. Lab. S. Clin. Med. 
November, 1957 


Table XI. Klsults of C. F. Test Using Absorbed Sera From 52 DallxVS Nephritics 


PATIENTS 

ASO 

DAYS AFTER ONSET 
OF NEPHRITIS 

RED LAKE ANTIGEN’ 

1 

TYPE 12 ANTIGEN 

B. P. 

500 

10 

3+0000 

442000 

E. B. 

50 

425 

2+0000 

+ 

21. S. 

166 

16 

200000 

42+000 

0. S. 

333 

540 

•f* 

_ 

\V. G. A. 

100 

995 

_ 


G.V. 

625 

60 

441000 


A. 0. 

650 

31 

4+0000 

+ 

J.P. 

125 

100 

43+000 

4- 

D. J. 

500 

9 

3+0000 

420000 

0. D. 

1,250 

28 

300000 

440000 

H. W. 

333 

14 

+ 

+ 

21. B. 

625 

22 


+ 

L. C. 

333 

940 


__ 

P. A. 

333 

26 



R. L. T. 

100 

540 

- 

213000 

P.H. 

125 

510 

+ 

210000 

J. 21. 

125 

11 

4* 

+ 

S. W. 

125 

300 



J.J. 

333 

10 



E. J. 

500 

17 

_ 


P. E. 

333 

6 

200000 

400001 

L. R. 

625 

6 

4±0000 

+ 

F. E. 

100 

58 

200000 

4±0000 

J.W. 

250 

5 



J.D. 

166 

21 

_ 


D. D. 

166 

14 

+ 


S.L. 

625 

20 



B. H. 

333 

14 

_ 


0 . s. 

333 

32 

■ 4 * 


V. B. 

125 

21 



P. H. 

833 

18 

4+0000 

210000 

0. 21. E. 

333 

23 

+ 

42+001 

M. F. 

2,500 

18 

43+000 

444400 

J • IS. 

500 

46 

- 

— 

L. H. 

250 

44 

_ 

_ 

J.E. 

625 

18 

444300 

444440 

E. E. 

625 

6 

' 4 * 

421000 

B. C. 

333 

18 


300000 

J.M. 

2,500 

29 

444100 

444440 

J.D. 

500 

87 

+ 

_ 

J. D. 0. 

333 

28 

• 4 * 

200000 

0. M. 

333 

14 

200000 

400000 

L.W. 

125 

6 

+ 

- 4 - 

M. S. 

100 

14 



K. S. 

250 

90 


_ 

W. B. 

250 

109 



B. R. L. 

625 

57 

+ 

200000 

A. P. 

333 

90 

2±0000 

- 

S. F. 

250 

51 

+ 

200000 

L. L. 

250 

15 

_ 

- 

J. W. 

250 

12 

• 4 » 

200000 

F. S. 

625 

21 

- 

420000 


reaction to the heterologous extract. This marked overlap in reactivity ob¬ 
tained with these two antigens led to the speculation that a common antigenic 
substance may be shared by those streptococci having nephritogenie proper¬ 
ties. In order to decide which of the two streptococcal types initiated the in¬ 
fection serial tests were done in 5 patients over a period varying from 2 weeks 
to a year and a comparison was made of the duration and titer of the antibody 
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lesponse to the 2 ncphiitogenic stieptococci in a given patient (Table III) 
The lesults demonstrated that one type specific antibody consistently pie 
dominated in the seia of a gneii patient ovei a peiiod of time The stiep 
tococcus to which this dominant antibody coiicsponded was legaided as the 
ctiologic organism 


1 ABLE III Serial C F Ilsts Using Vbsorbi-u fentv From j Dvllvs Nephritics 


name and 

serum date 

onsetumlvnd 

ASO titer 

1\1 E 12 ANTIGEN 

] RED LAKE VNTIGEN 

REMVRKSll 

E P 

10 3 55 

0 3 55 

250 

432000 

3±0000 

Mouse protective 

10 13 55 

500 

442000 

3+0000 

and bactcrio 

10 26 55 

2o0 

42±000 

3±0000 

static antibodtos 

11 4 55 

333 

42±000 

100000 

to tvpp 12 

12 14 55 

333 

410000 

310000 

4 25 56 

166 

210000 

200000 


7 n 58 

230 

210000 

100000 


10 10 56 

2j0 

110000 

100000 


M S 

12 21 56 

12 14 56 

100 

3+1000 

+00000 

Mouse protective 

12 27 56 

106 

320000 

]00000 

and bacterio 

12 29 56 


42±000 

200000 

static antibodies 

1 4 57 

230 

420000 

100000 

to tjpe 12 

C V 

3 21 55 

2 3 55 

333 

000000 

441000 

Rc 1 Lake strepto 
coccus isolated 

4 13 55 

025 

000000 

44+000 

from throat 

4 21 55 

106 

000000 

4*0000 

Mouse protec 


tivQ and bac 
tenostatic anti 
bodies to RL 


D T 

2 0 56 




2 16 56 

500 

420000 

3±0000 

Mouse protective 

3 3 56 

333 

444000 

+00000 

and bacterio 

3 12 56 

625 

441000 

100000 

static antibodies 

7 18 56 

250 

±00000 

+00000 

to type 12 

0 D 

6 19 56 



Mouse protective 

7 11 56 

625 

410000 

000000 

and bacterio 

7 18 56 

625 

420000 

200000 

static antibodies 

7 25 56 

1 250 

440000 

300000 

to tjpe 12 


Tabib IV Results op G F TtST Usinl Serum From a Dvllas Nephritic 
Absoruid With Both 12 and T12 Streptococci 
(Serum uas obtained 6 weeks after onset of sore throit wlien ISO titer was 625) 


PATIENT J R 1 

TYPE 12 ANTIGEN 

] RFD LAKE ANTIGEN 

Scrum Absorbed with T2 

444440 

444300 

Serum Absorbed with T12 

000000 

430000 


The Cl OSS leactivity between the two antigens with a given seium nised 
the possibility th it the RL and the T12 antigens might be the same rathei than 
related The mdi\ idiiality of the two antigens was established by dcmonstiat 
mg the peisistence of the RL antibody aftei removal of T12 antibody by ab 
soiption with T12 streptococcal cells (Table IV) 
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Rcuciions With T3 and, TdO Extracts .—^^Vbsorbed sera Iroiii neplirities 
were tested with l[-antiorns ef T3 and T40 stveptoeoeei. Ot the 21 sera tested 
with T3, one was positive (1 ;4) and two doubtiiil. All 3 sera which showed 
this weak reactivity with the T3 antigen were strongly positive when tested 
with the T12 antigen. Twelve nephritic sera tested with the T40 antigen all 
gave negative results. 

Normal Persons.—Amoi\^ sera from 52 nonnephrities, 18 of whom had 
ASO titers ranging from 250 to 1,250, 2 contained antibody against the RL 
antigen, and only one against T12. The titers of the positives were only 1 rl. 
There Avas no overlap in reactivity among the positive sera. 

DISCUSSION 

The concept that acute glomerulonephritis is a result of streptococcal in¬ 
fection has recently evolved to the point Avhere only a limited number of strep¬ 
tococcal types are considered to possess nephritogcnic potentialities. The 
evidence in favor of the existence of onlj’’ a feAV types of nephritogcnic strep¬ 
tococci is based mainly on isolation of these streptococci from ijatients, and 
suffers from the limitation that in nonepidemie areas cultures of many patients 
Avith nephritis are either negative or yield nontjiAable streptococci. Among 40 
Dallas eases of sporadic glomerulonephi-itis in this study, for example, strepto¬ 
cocci could be isolated from only 20; and of the 14 subjected to typing studies, 
10 Avere nontypable, 3 Avere T12, and 1 Avas type RL. The complement fixation 
test used in this study has been of value, therefore, not only in proA'iding 
further evidence of infection by those streptococci Avhich haAm been implicated 
in glomerulonephritis, but also in extending it by serologic means to include 
the culturally negative neplirities. While the main objective in this inA^estiga- 
tion has been to proAude a serologic method for obtaining such evidence, the 
complement fixation test can also be used to help identify those eases in Avhom 
the diagnosis of streptococcal nephritis is not clear on clinical grounds. There 
is a strildng lack of type-spccific antibody to tj^ies 12 and RL in nonnephrities 
Avith high ASO titers despite the fact that 12 predominates among the tji^ablc 
streptococci isolated from streptococcal infections occurring in nonnephrities 
in Dallas. 

This difference in type-specific antibody titer in the sera of nephritics and 
nonnephrities might represent a greater tendency for nephritics to react im- 
munologically to the ]M-antigens, but more exten.sive study Avould be needed to 
ansAver this question. Of greater immunologic importance, hoAvever, is the 
finding that nephritics apparently possess antibody to the j\I-protein of more 
than one nephritogenic type. This Avould imply an immunologic relationship 
betAveen the nephritogenic ]M-substances Avhich can be demonstrated Avith 
immune sera of infected persons but not of animals inoculated Avith dead strep¬ 
tococci. It remains to be determined AV'hether or not this serologic difference 
depends on an antigenic response unique to infection or to species differences 
(i.e., man A'ersns animal), but it is CA'ident that a common property exists 
Avliich could account for the ability of certain streptococci of different types to 
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imlueo the same clinic.il distinhaiict Because this common feature is anti 
genie, the possibility exists, thotefou that the mechanism of lenal iiijui^ 
in^ oivts an immunologie pi oeess such as lnpclsensltl^ itj 

COXCLl SIOXS 

1 A complement fixation test has been devised foi detecting t>pe specific 
antibodies to stieptocoecal 11 pioteni 

2 The lesults obtained bv application of this test to seia from the Red Lake 
Indian children indicates that the Red Lake streptococcus is a separate nephiit- 
ogenic type, immunologually diffcicnt from type 12 is widely distributed 
geographically, and evokes a piolongcd immunologic response which provides 
evidence by complement fixation of past ncphiitogcnic infection 

3 The data obtained by application of this test to the Dallas nephntics 
suggest that ncphiitogenic streptococci contain a related antigenic substance 
other than the conv cntronalli measured type specific substance, which pro 
motes a inolonged, but not indefinite, antibodj response 

4 The lack of ieactivit> noted when noimal sera with high ASO titers 
wore tested with the tvpe 12 and Red Lake antigens supports the specificity of 
the test 

5 The paucity of positive reactions obtained bj testing the ncphutic sera 
with the T3 and T40 oxtiacts provided fuithei evidence suppoiting the type 
spccificitv of tlie C F test 

6 The nephiitics whose sera gave negative lesuIts with both T12 and RL 
antigens may have had an infection with one of tlie other so called nephnt 
ogonic tjpes not included in this study 
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AGENTS ISOLATED PROM PATIENTS WITH BOSTON EXANTHEM 
DISEASE DURING 1954 IN PITTSBURGH 

Franklin A. Neva, M.D.,® and Saverio jM. Zufpante, M.S. 
Pittsburgh, Pa. 

A gents c5Topathogemc for tissue cultures were recovered from feces of 
patients with an unusual exanthematous disease which occurred during 
1951 in Boston.^ jMore recently another outbreak of a similar illness, for which 
the term Boston exanthem disease has been proposed, occurred in Pittsburgh 
during 1954.- The disease was observed as a sharp localized outbreak in a 
suburban communitj^ and also in scattered cases from 4 different areas of the 
city. Agents cytopathogenie for tissue cultures were isolated from specimens of 
12 patients in the community outbreak and from 6 of the scattered cases. 

This paper presents additional laboratory studies, not previously reported, 
which are pertinent to the recovery of these agents from exanthein patients in 
Pittsburgh, with reference to optimum specimens and tissues for their primary 
isolation, and tests for neutralizing antibody. Also presented are results from 
attempts to isolate similar agents from patients vdth other illnesses, and the 
findings of a survey for neutralizing antibodies. 

StATERI.VLS AND JIETHODS 

Stool speeimetis were stored in the refrigerator for 1 to 7 days, or frozen at -15° C. 
for periods of several weeks to 6 months before preparation as 10 per cent suspensions in 
phosphate buffered saline. The suspensions were clarified by centrifugation at 8,000 to 
10,000 r.p.m. for 30 minutes in the cold. Throat and mouth washings were collected in 
modified medium 1993 and neutralized witli NaHCOj. Blood clots were ground as 50 per 
cent suspensions with sterile alundum in phosphate buffered saline within 21 hours after blood 
was drawn. Pharyngeal wasliings and suspensions of blood clot were centrifuged at 2,000 
r.p.m. for 20 minutes at room temperature. All suspensions used as inocula for tissue cul¬ 
tures contained 200 to 500 meg. and units per milliliter of streptomycin and penicillin, 
respectively, and were stored in glass sealed ampules in tlie dry ice chest if not tested 
immediately. 

Two types of roller tube cultures from tissues of either rhesus or cynomolgus monkej’S 
were used primarily t: monolayer cultures^ of trypsinized kidney, and plasma clot cultures 
of testicular tissue. Kidney cultures were maintained on medium 199 with 2 per cent 
inactivated horse serum. A mixture of equal volumes of 199 and commercial bovine amniotie 
fluid containing 2 per cent inactivated liorse serum and 0.1 mg. per milliliter soybean trypsin 
inliibitor constituted the medium for testicular cultures. All culture media contained 100 meg. 
and 100 uixits per milliliter of streptomycin and penicillin, respectively. Kidney cultures 
were changed to fresh medium at 3- to 5-day intervals, while testicular cultures were clianged 
every 5 to 7 days. For tlie few experiments in which human kidney tissue! was employed, tlie 
roller cultures were prepared in tlie same manner as monkey kidney. 
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^U1 serunx s'lmplcs from <iuspecled cxxntlicm patient^ \xtrc stored at -15® C Many 
sera from other indxMduals uhieh were screened for niitibody had been stored at +5® C 
For neutralization tests all str i, e thii undiluted or after 1 2 dilution with phosphate buffered 
saline, were inactuated at 56® C for 30 minutes 

A fixed dilution of \irus w is iddtd to twofold dilutions of serum so that the final 
inoculum o± the mixture contained a calculated 10 to 100 tissue culture infectue dose 
(TCIDfl) Serum virus mixtures were kept at +5® C for 1 to 1^ hours, after which 0 1 ml 
of the mixture was added to each of 2 roller tubes Controls of virus plus buffer solution 
instead of scrum were included with each test and in many of the experiments known positive 
serum controls also were included Pools of infective tissue culture fluid used for neutraliza 
tion tests were stored in ampules in dry ice and a titration was carried out with each test 
The acute phase and the convalescent serum from a given patient were tested simultaneous!} 
Inoculated cultures wore generally changed to fresh media only once during an observation 
period of 10 to 12 da}s Further details regarding neutralization tests are included in the 
text 

E\l‘ERIiIENT VL 

Isolation of Agents Fioni Clinical Specimens — 

From the community outbreak Stool specimens fiom 11 clinically dng 
nosed cases of Boston cxaiithom disease waie tested m enltmcs of eitliei monkov 
kidney oi testiculai tissues Fecal specimens ncie collected uitlnn 2 to 10 dajs 
aftei onset of illness Seiially tiansfciable agents, which pioduccd cytopatho 
genic effects indistinguishable fiom one anothei, weie isolated from all 11 pa 
ticnts Each isolate was passed at least once in both kidncv and testiculai 
cultuics with the pioduetion of chaiacteiistic types of cellular destiuction 
Eithci thioat oi mouth washings, collected witlun 3 da^s of onset of illness, 
weie also axailable fiom 3 of the 11 patients whose stools weic tested Similai 
agents wcie leeoxeicd fiom thioat washings of 2 of the eases (ilr McG and 
Ml W ), but mouth washings fiom the thud case (R W ) weie negatue A 
fouith patient whose thioit washings wcic tested (Mis AV ), but fiom whom 
no stool specimen was available, was negative This patient had a chaiacteiistic 
clinical illness and was the onlv case of those tested in the community outbieak 
in whom isolation of a cvtopathogeiuc agent was not achieved 

Recoveiy of viius fiom a stool specimen of i family contact, who also was 
lepoited to have Ind a clmactoiistic illness with lash, constituted the twelftli 
isolation of an agent in assocntion with the subuilnn communitj outbieak 
Isolations fiom subsequent spoiadic cases Stool specimens fiom 6 cases 
which occuiied latei in 4 widelv sepaiated aieas of the city weie tested in cul- 
tuies of monkey kidnej tissue In each instance an agent was lecoveied which 
pioduced cvtopathogeiuc changes similai to those isolated fiom the comniunitj 
outbieak Data summaiizmg the oiigm of virus isolations fiom all the Boston 
exanthem cases in Pittsbiugh aic picsentcd m Table I 

Felahvc susceptibility of several different tissues foi pi unary isolation 
Alost specimens weie fiist tested m loller eultiues of moiikev kidncv, but all 
negative and most positive specimens woic also tested in monkey testicular 
cultuics It soon became appaunt that testiculai eultiues weie more sensitive 
indicatois of the cytopathogenic efttets of these particular agents than wexe the 
kidney cultures 
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Table I. Virus Isolatioa's axd Serum Neutralization Tests in Pittsburgh Patients 

WITH Boston Exanthem Disease 


i 


1 1 


1 

j SERUM NEUTRALIZATION TESTS* 



1 j 

1 MHUS ISOEATIOX j 


[ TITER VS. 1 

[ TITER VS. 

1 


1 AGE IX ! 

MATERIAL 


b.VY OF ^ 

1 PITTSBURGH ' 

1 BOSTOX 

PATIENT j 

SEX 

1 YEARS 1 

TESTEb 

RESULT 

BISEASE 

1 STRAIN 

1 STRAIN 




Cases ftom Community Onthrealv 



S. McG. 

F 

5/12 

Feces 

+ 

No specimens obtained 

D. ilcG. 

M 

4 

Feces 

+ 

6 

4 

o 






27 

16 to 32 

16 

R. lIcG. 

M 

6 

Feces 

+ 

6 

4 

4 to 8 






27 

16 

33 




Blood clot 

+ 

2 

<2 

<2 

Ml. MeG. 

M 

29 

Throat wash. 

+ 

23 

8 

4 




Fceea 

+ 







Blood clot 

0 

3 

<2 

<2 

E. Wei. 

M 

5 

Mouth wash. 

0 

20 

S to 16 

8 




Feces 

+ 




K. Wei. 

M 

6 

Blood clot 

0 

3 

<2 

<2 




Feces 

+ 

20 

S 

16 

Mis. IVcl. 

F 

30 

Blood clot 

0 

2 

<2 

<2 




Throat wash. 

0 

17 

32 

16 




Blood clot 

0 

2 

_ 

2 

Mr. Wol. 

M 

30 

Throat wash. 

+ 

23 

- 

16 




Feces 

+ 




Mis. Wol. 

F 

29 

Feces 

+ 

i 

2 

4 






27 

8 

16 

Mrs. B. 

F 

28 

Blood clot 

0 

4 

2 

<2 




Feces 

+ 

21 

32 

16 

Mr. D. 

M 

3o 

Pecos 


3 

<2 

<2 






18 

32 

16 

T. E. 

M 

5 

Fcees 

+ 

5 

2 

<2 






26 

s 

4 to S 

L. L. 

F 

6 

None 

_ 

9 

8 

>8 






28 

32 

>32 

J. P. 

F 

2 

Feces 

J. 

No specimens obtained 




Spoiadic Cases 




A. J. 

F 

2/12 

Feces 

+ 

No specimens olifaiiied 

Mrs. J. 

F 

36 

Feces 

+ 

5 

4 

4 






22 

S 

4 

A. B. 

F 

7/12 

Blood clot 

0 

3 

2 

<2 




Feces 

+ 

20 

4 

S 

E. N. 

M 

1 

Blood clot 

0 

4 

<2 

<2 



Feces 

+ 

IS 

4 to 8 

S 

E. 

M 

8/12 

Blood clot 

0 

5 

<2 

o 


Feces 

+ 

No s 

iecoiid spec nieu 

B. T. 

M 

2 

Blood clot 
Feces 

0 

4. 

1 

? 

4 

16 

i 

16 


cultures, using 5 to 50 (TCID^) of Mrus ^Titers are reci»rocal or s«rum 
A,liition before virus i\as added. Pittsburgh strain was isolated fioni R AVel in 19a4 Rosto 
ftram "as isolated during 195T outbreak in Boston. XIass 
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were tested in roller cultures of monkey testis. Inoeula per tube A'aried from 
0.2 to 1.25 ml., and in manj’’ instances a further blind passage Avas caimied out. 
An agent similar to those isolated fi’om the feces Avas recovei'ed from only one 
blood specimen (Mr. McGr.). In this instance each of 4 tubes inoculated Avith 0.3 
ml. produced characteristic changes Avithin 5 to 7 days. It is of interest that 
the blood from the positive case Avas draAAm Avhen the patient had a fever of 
104° F. Avhile all negative bloods Avere from afebrile patients even though col¬ 
lected on the second or third day of illness. 

Tests for Neutralizing Antibody .— 

General comments regarding neutralization tests in tissue culture: It has 
been obserAmd previously® that neutralization of the exanthem agents by human 
convalescent serum AA'as difficult to demonstrate unless minimal amounts of virus 
Avere used in the neutralization mixture. Even AA’hen 50 TCIDm of virus are 
employed in a neutralization test, the phenomenon of virus ‘'breakthrough,” or 
progressive decrease in titer of a serum is seen Avith the passage of time. 

The possibility A\ms considered that changing the media of cultures during 
the test might contribute to the incomplete neutralization obserwed above. 
HoAvever, identical tests in Avhich one set of cultures Avas changed and one set 
Avas kept AAUth the original medium shoAved no strilting difference in the results. 
Conditions of the test Avere further modified in an attempt to obtain more com¬ 
plete neutralization of virus by specific antibody. Incubation of the seruin- 
viims mixture for one hour at 37° C. instead of at refrigerator temperature failed 
to enhance neutralization. The use of graded dilutions of virus Avith a constant 
serum dilution likcAvise appeared to offer no particular advantage. 

In vicAV of the above enumerated limitations, the only availaljle test at 
present for in vitro neutralization has utilized the criterion of 2 to 3 days’ delay 
in appearance of cytopathic changes afforded by convalescent as compared to 
acute phase or control serum Avhen tested at the same time. Under these condi¬ 
tions, values of antibody titer are necessarilj^ arbitrary. HoAvever, upon the basis 
of numerous tests, presence or absence of neiAtralizing antibody can be readily 
determined and reproducible estimates of titer have been possible. 

Neutralizing antibody response in patients: Paired samples of acute and 
convalescent phase sera Avere aAmilable from a total of 16 cases Avith clinical 
evidence of Boston exanthem disease. TAveWe of these patients represented 
cases from the community outbreak, and 4 AA^ere later scattered cases. Acute 
and conA'alescent sera from each case Avere tested simultaneously for their ability 
to neutralize 2 different strains of virus. One of the strains had been isolated 
from feces of an exanthem patient in Pittsburgh during 1954, the other strain 
originated from feces of an exanthem patient in Boston during the 1951 outbreak. 
Five to fifty TCID 50 of virus Avere used in the tests. Serologic results, along 
AAuth other information concerning the patients, are presented in Table I. 

The neutralizing antibody response in patients to a Pittsburgh strain as 
compared Avith a Boston strain shoAA^ed close agreement. In most eases a fourfold 
or greater rise in antibody titer could be demonstrated to both strains, and only 
one patient failed to sIioav significant development of neutralizing antibody to 
at least one of the strains. In this case (Mrs. J.) antibody Avas already present 
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m tlie acute phase seium, but the onset of illness was so pooilj defined that 
duiation of disease could not be accmateU determined 

Neutralizing antibody i espouse in monkeys* The de%elopinent of neutial 
izing antibody in either cynomolgus oi rhesus monkeys could be denionstiated 
aftei primary intla^enous or intiaceiebral inoculation follow ed by 2 intiamuscu 
lar doses of infectious tissue culture lluid over a peiiod of sc\eial months This 
was shoun -with 6 diffeient strains representing isolates fiom e\anthejn patients 
m Pittsburgh as well as cases fionr the first outbreak in Boston Sera fioin 13 
normal monkeys weienegatne for neutralizing antibody yhen tested at a 1 2 
dilution Neutralization of heterologous strains uitli a gnen monkej antiseiunr 
has been demonstrated, but the extent of antigenic relationship is still under 
investigation 

Failure to Associate Fxanthem Agents With Other Illnesses —During the 
jear preceding the outbreak of exautlieni disease cases in Pittsbuigh, stools 
fiom appioximately 90 patients with suspected polioimelitis fiom that same 
city weic studied These were testedf nr cultuies of moiikcj ladney, and 
although a few unclassified cytopathogeme agents veie isolated none lesembled 
the agents described Iiciein During the same season as the exautlieni outbieak 
at least 30 fecal specimens from poUomjelitis suspects weie likewise negatue 
in monkey kidne> culture for agents similar to tbosc reco\eied from exanthem 
patients 

Negative results for either enteric cytopathogeme viiuses oi specific neutial 
izing antibody lesponscs weic obtained in the follouing illnesses 3 patients 
uith roseola infantum, 3 patients with Geiman measles and 6 patients with 
fc\ei and unclassified skin i ashes Similar studies ot 3 patients uith rague 
minor illnesses in residents of the same community uheie cases of Boston exan 
them disease occurred ueie also ncgatire 

Serum Survey for Neutralizing Antibody to Boston Exanthem Agents — 
Results ivith gamma globulin One lot of human inunune serum globulin, 
and one lot of gamma globubn from eon\aIescent Geiman measles blood, both 
of lecciit origin, weie tested X Neither of the lots had detectable neutralizing 
antibody to one of the exanthem strains at dilutions greater tlian 1 10 Six 
other lots of outdated gamma globulin weie also tested, only one of the lots 
showed a detectable le^el of neutiahzuig aiitibodj at 1 10, the lowest dilution 
tested Howeiei, these lattci preparations maj have decieased in potency with 
piolonged lefiigeiatoi storage 

Nesults with seia fiom diffeient age gioups Serum samples collected ni 
1953 and 1954 fiom the Pittsbuxgli aiea from patients with poliomythtis and 
other illnesses were tested foi neutiahzmg antibodv to a Boston strain of e\an 
them agent Each serum was inactivated and tested at a 1 2 dilution with 
50 TCIDjo of \irus in 2 lollci cultures 

The results are summarized iii Tabic III Since theie was no striking 
diffeience in incidence of neutializmg antibodies fiom seia collected in 1953 

♦ThejjC experuuents \Nere done Jofntl> with Dr D, James Lewis 

of these specimens were tested b> Dr Gisela Ituckte In this laborutorj 
IThese lots of gamma globulin were kindly made a%altablc h> Dr Johannes Jpsen 
Institute of Laboratories of the ^lassachusetts Department of Public Jlealth ^ 
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as comparocl to the 1954 specimens, the number tested in each age group 
represent both years ot‘ collection. Neutralizing iintil)ody could be demonstrated 
in 5 per cent of the group less than 5 yeai-s old, 19 per cent of those 5 to 
15 years old and in only 4 per cent of the group over 15 years of age. Some 
of the sera showed equivocal neuti-alization. This partial neutralization was 
found in only one or two specimens from either of the younger age groups, but 
7 (15 per cent) of those over 15 years of age gave a doubtful result. Eepeat 
tests with a number of the sera showed no change from the original results. 


Table III. Presence of Neutralizing Antibody to Boston Exantiieji Agent in 
Pittsburgh Sera, 1953-195I 




AGE GKO0P 


< O YEARS 1 

1 0-15 YEARS 

1 > 15 YEARS 

Number tested 

39 

62 

45 

Number positive 

2 

12 

2 


(5.1%) 

(19.4%) 

(4.4%) 

Number doubtful 

1 

2 

7 


(2.6%) 

(3.2%) 

(15.5%) 


DISCUSSION 

The viruses described were readily isolated from the feces of almost every 
Pittsburgh patient with the clinical picture of Boston exanthem disease. Throat 
washings, in contrast, appeared to be less suitable for recovery of these agents. 
Isolation from the blood was successful in onl}’ one of many attempts suggesting 
eitlier that viremia occurs rarel.y, or that the blood specimens tested were obtained 
too late in the course of the illness. 

The differences of in vitro sensitivity among A-arious tissues must be kept 
in mind if isolation of these agents is attempted. Cultures of monkey kidney 
were adequate in most instances for primary isolation, although they were less 
susceptible than monkey testis. Human kidney cultures showed either no, or 
only equivocal, cytopathic effects. Cultures of human embryonic skin muscle 
or foreskin have shown approximately the same susceptibility as monkey testis. 

Tests for neutralizing antibody in sera from Pittsburgh exanthem patients 
showed essentially the same results when tested with a Pittsburgh strain of virus 
as with a strain representing the earlier Boston outbreak. Thus, close antigenic 
relationship was demonstrated between agents recovered from patients with 
similar diseases that occurred several years apart in two widely separated cities. 

The neutralization test with this group of viruses is still not entirely satis¬ 
factory. With the methods described, it is possible to obtain fairly reproducible 
evidence of neutralization. However, the factor of incomplete neutralization, 
or virus “breakthrough,’’ necessitates arbitrary interpretation of the test, and 
constitutes a drawback in serologic woi’k. 

The results of the screening tests for neutralizing antibodies suggest that 
a moderate incidence of exposure to these agents had occurred during childhood. 
The low incidence of definitely positive sera and the relatii'ely large numbei 
of doubtful results in the adult age group is more difficult to interpret. Hou- 
ei'er, this may indicate a decline in levels of neutralizing antibody from in¬ 
fections acquired during childhood, as well as a low incidence of infection in 
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adults T]ic iLSults oL tests foi nitibodj iii ^ mii»a {'lobulin iic (onsistcnt 
the low incidence of dcfinitch posiluc scia cncounteied in the sciumn'f of 
adults, and also aj^^iccs with tlic itUli\tl> low antibod\ titcis iound c\iu in 
lecently coiualcsccnt patients 

A high dcgiec of association has been dcmonstiated lictwccn a iccognizablc 
clinical entity and tlie specific agents leco^clable fiom sucli patients This 
lelatioiiship of agents to disease was found not onh in tlie setting of a localized 
outbieak, but also in scattcied spoiadie cases oetiuiing in a laige metiopolitan 
aiea The agents isolated fiom patients with the Boston e\antheni disease could 
not be lecoveied fiom ceitaiii cases of othei known oi unclissified febiile e\an 
tlienis, 01 fiom mauj patients with othei illnesses winch occiuicd in the same 
area at appioMinatelj the same time A similai association of i dated oi identical 
agents with the same tjpe of illness has been lepoitcd jiiCMousl} “ These 
obsci\dtioiis stiongh suggest an ctiologic idationship between this gioup of 
Miuses and the illness lefeiied to as Boston cxaiitheni disease 

Fuithei infoimation, howc\ci, is needed to cstablisli conclusuelv the etio 
logic lole of these agents The numbci ot patients w]io lia\c been studied :na> 
be jnsuffieiGiit to fullj define the laiigc of possilile clinical manifestations It 
IS not ■\et known whothci intection with these agents is m\ainbh associated 
with a specific clinical illness Pinalh, the e\istcnce of othci related agents 
as vet unknown, cannot bo excluded Foi example, it has been found icceiith 
that ceitain entcue mi uses lecoieiod fiom scicial patients with aseptic meniii 
gitis that oceuiied duimg the fiist icpoitcd epidemic of Boston exanthem disease 
are related immunologicalh to the Miuses desciibed in this papei The extent 
of immunologic lelationship and compaiison of othei chaiactoiistics is iindei 
im estigatioii 

SUMMARl 

Study of a 1954 outbieak of Boston cxantliem diseise in Pittsbuigh icsulted 
ni the isolation of chaiacteiistic agents cjtopathic foi tissue eultuics fiom 18 
patients The viiuses weic reco\cicd most icadilj fiom the feces, iiiegulaih 
fioin thioat washings, and once fioin the lilood ot patients Cultures of moulve\ 
testiculai tissue weie found to be supeiioi to tliose of monkey kidney foi piimaiv 
isolation Neutiahzing antibodA lesponscs in Pittsbuigh patients indicated a 
close antigenic lelationsliip of local stiaiiis to similai agents associated piei lously 
with the same type of disease in Boston Ktsults of scieening tests of vaiions 
age gioups foi neutiali/ing antibod\ aie piestnted Tlie obseiiations piesented 
strengthen the likelihood that tliesc Miuses aic ctiologicallj lelated to the Boston 
exanthem disease 

Wc are indelitod for advice to Dr Jonas E Salk m «hoso lalioiatory these studies i\crc 
earned out 
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LABORATORY METHODS 


THE COLLECTION OF LYMPH FROJiI INTACT PERIPHERAL 
CUTANEOUS LYMPHATICS OP MAN 

Saji A. Thkeepoot, M.D. 

New Orleans, La. 

A S PART of a study of the role of the lymphatics in the formation of edema 
. in congestive heart failure, a method was developed for the cannidation 
and collection of fluid from intact cutaneous lymphatics of the extremities of 
man. Whereas the chemical content of lymph from animals and from the 
thoracic duct of man has been studied extensively,*’ “ there are relatively few 
data concerned with the electrolyte content and lymphodynamies of intact 
lymphatics in the e.xtremities of man. The method presented is applicable to 
these as well as other studies of peripheral Ij'inphatics and lymph under various 
circumstances without seveie distiu’banee of the locale studied 

AIATERIALS VXD UETriOD.S 

The lymph channels are flist visuabzed by the intradermal injection of 0 1 ml. sterile 
11 per cent aqueous solution of Patent Blue V* with a 30 gage needle s s This quantity 
produces streamers intense enough for caiinulation in 10 to 20 minutes The longest and 
most intense streamers are most commonly seen on the foiearm of normal subjects, whereas 
in edematous extiermties there is rapid diffusion of the dye and distinct channels are some 
times difficult to discern.o The use of red fluoroscopic glasses facilitates the iisualization 
of the blue stamed lymphatics and differentiation from vems. All studies were performed 
after 30 minutes horizontal lest of the extremity at 76° F and no attempts were made 
to induce or hasten streamer formation by exercise or application of heat to the part i 

Cannulation is performed counter to the current of flow with either a 23 gage needle 
from which the hub has been removed or a one inch 30 gage needle modified by removing 
tho hub and soldering it into a % inch length of 23 gage stainless steel tubing (Pigs 1, 2, 
and 3). A suitable length of plastic tubing designed to fit snugly on a 23 gage needle! 

IS attached as a collectmg vessel with a IT tube phlebomanometero as an aspirator and in 
dicator of the negative pressure applied A three way stopcock permits recompression of the 
bulb, if necessary, without raising the pressure in the collecting system If a sjrmge is 
used for aspiration, care must be taken not to exert a pressure so great as to collapse the 
small vessel or draw air into the plastic tubing through the needle puncture site or any 
of the junctions in the sjstem. When this occurs a broken column of fluid is obtained, 
handicapping volume estimation, permitting evaporation from a greater surface area, and 
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FIff 1 —The technique of cannulatin? a cutaneous lymphatic and collectin? lymph 
The phlebornanometer serves as a reflated aspirator The 3 way stopcock >n the line 

f icrmits recomprcsslon of the bulb If the pressure falls due to leakage m the system The 
nsert shows the modihed 30 gage needle attached to the collecting tubing and adaptor to 
aspirator A 23 gage needle with the hub removed can be used as the cannula Just as well 



Fig 2 l-ig 3 


Fig 2—Collection of lymph from a streamer In the arm of Subject 23D (CHF) Tins 
picture was taken 70 minutes after Injection of the d>e nnd 19 minutes after collection of 
lymph was begun Stained lymph can be seen m Uie plastic tubing Just above the cannula 
Fig 3—Collection of lymiph from the leg of Subject 21 (CHF) illustrating undesirable 
fragmentation of tlie column of fluid by air pulled into the collecting tubing during forced 
aspiration 
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mereasiiig the difficultj of expelling the fluid fiom the plastic tubing (Fig. 3). This is 
larelj encounteied when a negative pressuie of 200 to 500 mm of water is applied, but 
tlie time required to determine whetlier or not the \essel has been entered is longer. Since 
the rates of flow are small, 5 to 10 minutes should elapse before the iinestigator assumes 
ho lb not 111 the hniphatiL and spoils a good caiimilation bj premature withdrawal of the 
needle 

If an uiibioken column of fluid is oolleeted iii the plastic tubing, the quautitj can 
be estimated periodu ally during the collection bj nieasuiing the length of the column Meas 
iirements under controlled conditions showed the relationships of the weight of the fluid 
deluered to the length of a fluid column in the tubing to be 0 25161 mg per millimeter ± 
0 00215 (Fig 4) For piecise measurement of the quantity of fluid delivered for chemical de 
teriiiiiiatioiis, the tubing is weighed before and after the fluid is expelled into the desired con 
tamer Loss of fluid by evapoiatioii tioiu the open ends of the tubing during the interval be 
foie weighing may be leduied bv diawiiig the fluid .i shoit distance from the distal end and 
clamping The late of evapoiatioii from tubing so clamped was measured at 76° F. and 
found to average 0 6 pei cent per hour for a 24 hour period. 



Fig 4—Kelationship of the weight of fluid delivered from the hlastic tubing to the 

length of the column of fluid m the tubing (B-D 442 T) Each millimeter of fluid m tlie 

tubing weighs 0 25161 mg Theie were no detectable differences when PBV, sodium chlonue 
or serum was used for calibration 

In the deteimiiiatioii of the electrolyte content of the lymph, contamination of the 
small volume collected has been minimized by expelling the lymph from the plastic tubing 
into bilicoiied 4 ml weighing bottles which have been rinsed at least 10 times with triple 
distilled water and dried in room air while covered to protect from dust particles Tnplo 
distilled water is also used as the cbluent Concentration of sodium in such samples has 
been determined with a Beckman flame photometer and concentration of chloride by poten 
tiometnc titration with silver nitiate of a 1 ml aliquot of that diluted for sodium defer 

miiiatioii, evapoiated to dryness and redissolved in 0 2 ml 50 per cent acetic acid *» ® 

The concentration of radio ictivc tiaccis has been determined by deliveied onto disks 
for counting » Pressures within lymphatics hive bcin measured by the Burch technique for 
venous and tissue pressures.'” 
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RESULlb 

The jmmbLi of L\peinm-iits, subjuts stiulud, and caiiiml itions is pusciitcd 
111 Table I Ljznphatics ^\clo inUitd in 02 6 pci cent of the attempted can 
nulatioiis as c\idenccd b'^ the appcuaiicc ot the blue tinned hmph iii the tubing 
01 at the site of the punttiiie altei withdiauing the needle In 36 instances 
enough lymph was obtained foi giiMinetiie (luantification In 15 (13 
pel cent) of the cannulations blood was obtained iiom \esselb which contained 
dye and which were indistinguishable 1)\ inspection fiom stieamers which 
yielded Ijmph 


Table T Tabulation op Collection op Lampii 



1 CONTROLS 1 

Clll 

[OBSTRUClIVEi 

I insc 1 

1 totai s I 



VRM ' 

1 

\UM 1 LEO 

1 VKM 1 

1 l EC ' 

1 \i \i 

! bE( 

AFM 

1 LEO 

TOT VI 

Number subjects 
Number cxperi 

n 

4 

3* 

a* 

U 

3 

It 

3{ 

lo* 

15* 

28* 

ments 

Attempted Ijm 
pliatic ciiinula 

Id 

4 

3 5 

0 

4 

1 

3 

17 

16 

33 

tions 

Lymphatics 

43 

20 

9 

21 

0 

n 

2 9 

54 

61 

llo 

entered 

Quantity sufficient 
for measure 

27 

9 

6 

11 

0 

9 

2 S 


37 

72 

ment 

Blood obtamid 

8 5 

5 7 

0 5 

1 

5 

14 22 

36 

from streamer 

3 

3 

2 5 

0 

1 

0 

1 

5 

10 

15 


CHP = Congestive Iieirt failure 

*T\no subjects were studied in the leg on one occasion anti in the arm on lepeitcd studi 

tChronle glomerulonephritis no edema 

tone edema un liagnosed etiology 1 cirrhosis edema 1 m>oc<irdial infarction no 
failure no edema 

The latcs ot collection of lymph accoidmg to the ttpe of sub]ect and sue 
of the cannula are piescntcd in Fig 5 This figuie and the time couises of 
the cumulative collection of hmph fioin some of the subjects shown in Fig 6 
illustiate that the lates of collection were greatest and tolumes collected laigest 
from the edematous legs of subjects with eongestite heait failuic when a 23 
gage needle was used The quantities of hniph collected fiom all subjects 
■vailed with the duiation and latc of collection and langcd fiom 015 mg to 
19 0 mg 

Twentj nine samples collected weie anahzed foi sodium Values foi the 
18 samples analyzed after pioblems ol obvious contamination weic alleviated 
aic pieseiited in Table II, A The concentiations of chloride detei mined bv 
the micropotentiometric titiation aic Jiicliided in this table In 9 studies edema 
fluid was obtained dnectlj without canniilatmg tlie Ivmphatics The volumes 
collected in these instances weie of sufficient nnoiiitude to peimit standaid 
methods ot deteimmation of eleetioljte oi piotein content (Table II B) 

The concentiation of dve in the hmph of 5 subjects langed fiom 0 005 to 
6 7 pel cent ot the concentiation injected In thieo studies attei ladioiodinated 
sciuin albumin* was injected at the same site as llie dve eoncentiation of I‘®‘ 

•Risa Abbott Laboratories Nortli Chicago III 
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t idemg 

Piff. 5—The rates of collection of lymph fiom various subjects with either a 23 or 30 
gage needle The greatest rates of collection were apparent when a 23 gage needle was 
Used to collect from subjects with congestse heart failure 



Fig 6—The cumulative collection of lymph demonstrating the time course 
lection A 23 gage needle was used except when noted on this graph The of 

to be fastest in subjects ^Mth congestI^e heart failure as indicated by the stee^per s 
the lower set of curves The weight in milligrams has been calculated from cue 
length using the calibration factor 0 25161 mg per millimetei 
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in the lymph varied fioin 0 005 pei cent to 2 9 pei cent of the concentiation of 
the injected counts Such variations lesnlted tiom differences in times of col 
lection aftei injection and in distances fiom the injection site These factors 
must be controlled befoic such data can be used to eialuatc phjsiologic in 
fluences, such as variations pioduced b> diffeiences in uptake bv the lymphatics 
or variations m latcs of flou \Mthin the \tsscls In one subject the conccntra 
tion of dye in blood obtained from %\hat appealed to be hinphatics was 2 pci cent 
of the injected concentration of dye 


Table II, V ErEcxroMTE Content oi Lymph 


SUBJECT NO 



1 EDEMA 

bODlUM 

(MEQ/1) 

CHLORIDE 
(MEQ /I) 

PROTEIN 
(GM %) 

SERUM 1 

I \ MPII 

SERUM 

L\MPH 

SERUM 1 

EDBM V 

32 

Control 

Arm 

0 

143 0 

148 2 





33 

Control 

trm 

0 

140 5 

148 2 





43 

Control 

Arm 

0 

140 0 

138 8 

106 0 

107 3 



4G 

Control 

Leg 

0 

143 5 

154 a 





48 

Control 

Arm 

0 

140 5 

138 8 





It 3 

Control 

Leg 

0 

141 7 

138 b 





33D 

CHF 

Arm 

4+ 


1J7 9 








m leg 


132 9 





36 

CHF 

Leg 

3+ 

141 2 

137 5 









1412 

140 2 

111 0 

100 1 







1412 

142 4 





45 

CHF 

I eg 

3+ 


1281 





39A (b/18) 

Ob^truotuc 

Leg 


130 5 

lo0 3 









139 5 

135 2 





39B (6/25) 

Obitrucjtwe 

Leg 

3+ 

136 7 

137 1 





42 

ObstTUCtlNL 

Leg 

4+ 

143 2 

153 7 





44 

Cii rhosis 

Leg 

3+ 

l">6o 

127 b 









■BI9I 

129 2 






fAllLE II, B ELLCTBOUTb CONTENT OF EbEM V FLUID 


23A (10/4) 

CIIF 

Leg 

4+ 

134 0 

137 8 

97 0 

J02a 







134 0 

142 5 

97 5 

105 6 



23B (10/18) 

CHF 

Leg 

4+ 

135 0 

129 0 

100 6 

109 7 



23C (11/14) 

CHF 

Leg 

4+ 

139 3 

1312 

88 3 

<J5 9 



23D (12/13) 

CHF 

Leg 

4+ 

1310 

131 4 









131 0 

131 0 

91 1 

39 6 

5 75 

u a-* 

t9B 

Qbsstructwc 

Arm 

4+ 

144 0 

124 5 

102 8 

107 0 



11 lA (1/291 

Renal cancer 

Leg 

4+ 

131 3 

131 3 

86 2 

9o 2 



11 IB (1/31) 

Renal cancer 

Leg 

4+ 

133 9 

133 0 

90 0 

9a S 

A 2 35 

0 "08 
VO 576 









G1 47 

ao 132 


•Quantity insuttlclent for demonstration but \%as thick mscouS and jellow fluid 


On two occasions piessuie within the Ijinphatics was deteimined with a 
phlcbonianometerBecause of slow flow and the amaU needles used lags m 
the deteimination permitted onl> an estimate of the piessuie within limits of 
20 to 30 mm of A\atei in a normal subject and 50 to 75 mm of water in a 
subject With obslructne Ijmphedcma and Nonous disease Moie aceuiatc meth 
ods of determination are being adapted for use 

DISCUSSION 

Although Patent Bine V was used foi the visualuation of the bmphatics 
in these studies, othci d>es can be emplojcd Direct Skj Blue,* which has 

•Wyeth Inc PhiladoIph»'\ Pa 
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also been utilized satisfactorily in this laboratory, or other methods of visualiza¬ 
tion of the lymphatics, such as the use of fluorescent substances and ultra¬ 
violet light,” may be preferred by individual investigators. Although most 
of the blue streamers which developed after the injection of Patent Blue V 
were lymphatics, some proved to be blood vessels as demonstrated by the collec¬ 
tion of blood containing dye and by serial photographs showing intensification 
of the color of small veins as dye entered them.” It is unlikely that this was 
due to the direct injection of venous channels, since from 5 to over 20 minutes 
were required for these vessels to become intensely blue or to develop the 
appearance of lymphatic streamers. These observations indicate that veins 
as well as lymphatics have been included in studies demonstrating "lymph 
channels ’ ’ and mea.siTring the rates of spread of dye.^'^' These studies also 
confirm the suggestion of Kinmonth that Patent Blue V is taken up by venous 
capillaries.” 

The quantity of data thus far collected by this technique is not sufficient 
for interpretative evaluation of the variations observed. There are some ob¬ 
servations, however, deserving comment. In Table II, A it may be noted that 
some of the values for the concentration of sodium in lymph were higher than 
those in serum. Although a "control” scrum was run with each sample of 
lymph there was no assurance against minute undetectable contamination of 
individual beakers used for the dilutions, which would yield results higher than 
the true concentration. Collection of more than one sample from the same in¬ 
dividual as control of this was possible in some subjects (Table II, A). This 
type of error did not exist in the determination of the concentration of sodium 
in the serum or edema fluid since relatively large volumes of sample were avail¬ 
able. 

The rates of collection of lymph illustrated in Figs. 5 and 6 cannot be 
interpreted as indicating rates of lymph flow A\dthin the lymphatics since these 
studies Avere not designed to control all of the factors knoAvn to inflrAence these 
rates of collection. The slightly faster rates of collection from subjects Avith 
edema, hoAvever, suggest that the size of the "lymph pool” or elevation of 
tissue pressure and pressure Avithin the lymphatics plays a part in the facilita¬ 
tion of collection of lymph from edematous extremities regardless of floAv Avithin 
the vessels themselves."' Further inA^estigation is designed to study the influenee 
of these factors upon the rate of collection and to stiAdy rates of floAV Avithin 
the lymph vessels. 

SUAIAIAKY 

A method for the eannulation and collection of fluid from the cutaneous 
lymphatics of the extremities of man after A'isualization of the l.Amiphaties by 
the intradermal injection of a vital dye has been presented. In 33 experiments 
115 lymphatic cannulations have been attempted. The lymphatics Avere entered 
72 times, in one-half of Avhieh the quantity of lymph collected Avas sufficient for 
measurement. Blood Avas obtained on 15 occasions from streamers Avhich ap¬ 
peared to be lymphatics, indicating that some strrdics of visualized lymphatics 
liave probably included small venous channels as aa'cII. Since only a small 
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amount of data coiiceiiKd ^\lth the elcctiohtc content ot hinpli has been col¬ 
lected, no attempt has been made to evaluate diffeiences betvvcen subiccts 
It has been pointed out that due to the small \olumcs ot fluid and hazaids of 
contamination the possibility of eiiois in these dctciminations exists Concen 
tiations of electxohtcs dtteimined bj staiidaid ttehniques on laigei volumes 
of edema fluid aie picsented foi coinpaiisoii 

When a small volume of fluid is not a limiting factoi, the collection of 
Ivniph bv this tcchiiKiuo has potential usetuhicss in the studv of evtologic 
content, tianspoit of civstalloids, colloids oi tiacei substances, antibodv" ic 
spouses, 01 othei piocesses in conditions not iKcessaiilv’- iclated to edema 

The technicnl incc of XIiss P itneia J Gruhbs and Mrs M irj J Smith is 

acknowledged 
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THE DETERMINATION OP SERUM ALBUillN AND GLOBULIN 
BY A NEW METHOD 

J. R. Debro, A.B., H. Tarver, Ph.D., and A. Korner, Ph.D.* 
Berkeley, Calif. 

INTRODUCTION* 

R ecently two of us^ showed that serum albumin, after precipitation with 
trichloroacetic acid (TCA), is soluble in alcohol. Moreover, albumin with 
similar physical properties to the native material can be recovered from the 
alcoholic TCA solution. The globulins, on the other hand, are completely 
denatured and are cpiite insoluble in alcoholic TCA. Later it came to our atten¬ 
tion that the same type of observations had been made previously by Delaville 
and co-workers"’ ^ and Levine.^ IMore recently this phenomenon has been in¬ 
vestigated extensively by Sehwert® who showed that the product obtained by 
solubilization in alcoholic TCA retains the same characteristics as albumin with 
I'espeet to electrophoresis, sedimentation, crystallization, solubility, and thermal 
stability. We have made similar observations with respect to the first two of 
these characteristics, some of which we wish to report in this communication. 

These observations make it po.ssible to design a very simple method for 
the estimation of serum albumin and globulin, a method which can be readily 
adapted to a micro scale without loss of accuracy. This is made possible by 
applying the elegant method of Lowiy and co-workers® to the measurement 
of the protein and the albumin solubility in TCA to separate serum albumin from 
the globulins. 

JIATERLVLS AND METHODS 

Reagents .— 

Trichloroacetic acid: 15 per cent (micromethod). 

Trichloroacetic acid: 1 per cent in 96 per cent alcohol (macromethod). 

Sodium carbonate: 2 per cent in 0.1 N NaOH. 

Copper sulfate: 0.5 per cent CuS0,.5H:0 in 1 per cent potassium (or sodium) tartrate. 
Alkaline copper reagent: Mix 50 ml. of sodium carbonate reagent and 1 ml. of copper 
reagent. Make fresh each day. 

Phenol reagent: (Folin-Ciocalteau phenol reagent.rj Place 100 Gm. sodium tungstate 
dihydrate, 25 Gm. sodium molybdate dihydrate, 700 ml. water, 50 ml. 85 per cent phosphoric 
acid, and 100 ml. cone. HCl in a 2 liter fla.sk with a glass joint and equipped with a reflux 
condenser. Reflux gently for 10 hours, then add 100 Gm. lithiimi sulfate, 50 ml. H:0, and a 
few drops of bromine. Boil for 15 minutes under the hood to remove the excess halogen, 
cool, and filter as necessary. Titrate a portion of the reagent with standard base using 
phenolphthalein indicator and, on the basis of the titer found, dilute the total volume so as 
to obtain a reagent 1 N in acid. The reagent should have a clear yellow color. Store m 
a glass stoppered bottle under dust-free conditions. 

From the Department of Physiological Chemistry. University of California School of 
Medicine. Berkeley, Calif. 

This work was supported in part by a grant from the U. S. Public Health Service. 
Received for publication April 1, 1957. ad-' 

‘Present address: Department of Biochemistry, University of Cambridge, Cambridge. 
England. 
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Vlbumin it indard I ptr cent cr^'^tallinc bOMne ‘•trum nlbumin* m water 
Ethanol 96 per cent 
Procedure — 

Macromethod Total protem 1 Mtisure 0 5 ml of bcrum into a 10 ml \olumetnc 
flask and dilute to i olume 2 Determine the chromoj,fimc \alue on 10 lambda samples as 
do«cribed below 

^acromethod Albumtn 1 Dilute 0 5 ml of «erum to 10 ml %Mth tho alcoholic TCA 
solution ilLX well b> imersion 2 Centrifuge down the globulins 3 Determine the 
chxomogenic \alue on 10 lambda samples of the supernatant 

'Uicromcthod Total 2 >rotctn 1 Wash 10 lambda of •^.rum with a micro pipette into 
approximately 100 lambda of water contained m a 10 ml \olumetric flask Dilute to 
%olumc 2 Determine the ehromogemc \aloc on 1 ml diquots of the diluted serum 

ZItcromethod Albumin 1 \\ ish 10 lambda of serum into 100 lambda of w iter 
2 Piccipitate with 200 lambda 15 per cent TCA J Make to 1 ml with alcohol (,96 per 
cent) Shake well 4 Centrifuge down the globulins 3 Determine the chromogonic \aluc 
on 100 lambda sample-^ 

Development of color 1 ilakc the aliquot of the protein containing solution up to 
2 ml 2 Add 5 ml of the carbonate copper reagent 3 Mix and allow to stand 10 minutes 
4 -Vdd 0 5 ml of the diluted Folin Cioealteu tcie.en*’ rapidlj and mix well 5 Make a 
reagent blank as above but omit tlie protein 6 After 30 minutes lead the optical densitv at 
780 m/I in a spectrophotometer (or in the Klctt with the red filter) 7 Subtract the value of 
tho reagent blank from the unknown 8 Compirc with tlic standard albumin or use a 
ifandard curve to determine the protein 


TauLE r Effect of TCA \m> Arcouon on Ppotlin in SuptrtNvrAM* 



ALCOHOL (PEP CENT) 

70 

90 

TCV NORM^riTV 

OITICAL DESSITT 



0 31J 

0 094 


0 096 

0 390 

0 0845 


0 083 

0 46S 

0 072 


0 071 

0 546 

0 072 


0 072 

0 624 

0 072 


0 072 

0 702 

0 070 


0 071 

0 780 

00715 


0 072 

10 


0 071 


0 071 

, *To 100 lambJa of serum (Hlutetl 1 to jO wa^ added 200 lambda of TCA of the strength 



as uescribed in the text 





T\dle it Recovery of Albumin 

Added to Serum 



1 MIXTLFE 1 

a/q 

RATIO 


MBUMIS* 

SERUM j 




(Ml, ) 

(ML ) 1 

CM CULATED 

FOUND 

i 

00 

05 


1 00 

2 

0 25 

05 

1 56 

1 55 

J 

0 50 

Oo 

2 11 

2 05 

4 

0 75 

05 

2 66 

2 62 

5 

1 00 

05 

3 22 

3 30 

6 

00 

05 


1 01 


* '•ibumln 4 0 per cenL 


KESULIS 

"When the amount of TCA oi alcohol Ubed m tlie method is \aucd ovei 
quite a Wide range, theie is httio effect on the amount of soluble piotcin Tins 
IS shown b} the data gi\cn in Table I Rathci similai icsults weie lepoitod 
b} Fr ench w orkers = ^ 

•Pentex Kankakee IlL 
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DISCUSSION 

It is quite evident that the method described for the determination of serum 
albumin is considerably simpler than anj"- of those used at the present time in 
clinical work, and, since it can readily be carried out on a micro scale, it possesses 
considerable merit, iloreover, the method requires a minimum of reagents, 
only one of Avhich is at all difficult to prepare and that one is available com¬ 
mercially (Folin-Ciocalteu reagent). 

The color reaction used in this method is considerably more sensitive than 
the biuret reaction, and equivalent amounts to color are developed by all the 
serum proteins examined. A linear relationship exists between color developed 
and protein concentrations over a range of at least 25 to 125 /xg of protein. 

SUJIII.VRY 

A new micro method is described for the determination of serum albumin 
and globulin which depends on the solubility of the albumin in alcoholic 
trichloroacetic acid. The reagent renders the globulins insoluble by denatura- 
tion. Total protein and albumin in solution are determined bj"" the use of the 
colorimetric method of Lowry and co-workei’s. 
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A FLUOROMETBIC METHOD FOR THE ESTIMATION OF 
TYROSINE IN PLASAIA AND TISSUES 
T P W uLkES, Ph D , M D, AND S Udenfeiend, Ph D 
Bethesd\, Md 

T he reaction between 1 nitioso 2 napbthol and tyiosine, undei suitable con 
ditioiis, yields a yellow pi odnet which has been utilized foi the colorimetric 
estimation of tyrosine in biologic niateiial It has now been found that the 
nitrosonaphtliol derivative of tyrosine fluoresces Measuiement of the fluores 
cence of tins derivative endous the pioccduie of Udenfiieiid and Cooper' rvitli 
greater sensitivity and speeificity than was obtained in then original coloiunet 
lie method 

In this repoit, the fluoiometiic method is used to deteinune the amount 
of tjrosine in plasma from fasting patients with different disease states, as 
compared to the amount of the ammo acid found in the plasma of normal fast¬ 
ing contiols A few of the patients selected had diseases in which it was 
thought that an alteration in tyrosine metabolism might ocoui The suivoy 
IS not intended as a ontieal analysis of tyiosine plasma levels, but lather to 
demonstrate the method and its application 

JIATEEIAL AND METHODS 

Reagents —1 nitroso 2 naphthol 01 per cent 1 nxtroso 2 naphthol (practical grade) 
in 95 per cent alcohol 

Kitnc acid reagent 24 5 tnl of I 5 nitnc acid is mixed mth 0 5 ml of 2 5 per cent 
NaNO, 

Procedure —The chemical method i3 the same as that previously reported (1) One 
milliliter of plasma is diluted to 4 ml with water, and 1 ml of 30 per cent tnchloro 
acetic acid is added After ten minutes, the mixture is centrifuged To 2 ml of the 
deprotcinized plasma, in a glass stoppered centrifuge tube, are added 1 ml of the nitroso 
naphthol reagent, and 1 ml of the nitric acid reagent The tube is stoppered, shaken, and 
placed m a Mater bath at 55" C for tlurty minutes After cooling, 10 ml of ethylene 
(lichlonde is added, and the tube is shaken to extract the unchanged nitrosonapbthol re 
agent -iVfter the tube is centrifuged, the supernatant aqueous lajer is transferred to a 
cuvette and road in the speetrophotofluoroineter The fluorescence of the tyrosine donva 
tive, resulting from its activation at 460 m/», is measured at 570 m^ 

Plasma was obtained from the blood of patients and of normal individuals who 
had fasted o\erniglit but had not had any other dietary restrictions Heparin uas added as 
'in anticoagulant Duplicate pHsma samples and a tyrosine rccoAory sample were run 
through the entire procedure with tyrosine staudards and a reagent blank 

The Aminco Bowman apectrophotolluorometer was used for measurement of flu 
orescenco and for recording of acti\ation and fluorescence spectra 

RESULTS 

In Tabic I aic shouTi the actual readings obtained on the spectiophoto- 
fluoronicter at the fluoiescencc peak of the tyrosine mtrosonaphthol denva 
ti\e Values are shotvn for tyrosine standaids, pHsma, and foi samples of 

From tlic National Heart Institute National Institutes ot Health Bethesda 2r<l 
ncccl\e<l for publication \pril 15 19o7 
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Table I. Direct Readings Taken From the Spectrofluorometer for the Nitroso- 
NAPHTHOL Derivative op Tyrosine in a Plasma Sample, Standard 
Tyrosine, and Tyrosine Added to the Plasma 
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the same plasma to winch tyiosine had been added The leco^ely of the ap¬ 
parent tyrosine in plasma plus that added ranged from 91 to 100 pei eent 
when eompared to the total amount expected Rcco^elles of 91 per cent or 
better, calculated ui the same \say, weic also obtained with all the plasma 
samples used in the studies s}iowii in Table II 



Piff 1 F'ff 2 

Fir 1—Activation spectra for the nitrosonaphthol derivative of tyrosine from (1) 
standard solutions ( 2 ) plasma alone and (S) plasma plus 10 7 of tyrosine standard 

Fig 2—Fluorescence spectra for the nitrosonaphthol derivative of tyrosine from thi. 
identical samples used for Fig 1 

In Fig 1 aic shown the actnatioii speetid of the tjlosme-iiitiosonaphthol 
deinative from standaid tyrosine solutions, fiom plasma alone, and from the 
same plasma to which 10 y of t\iosine standard had been added Pig 2 shows 
the fluoieseencc spcctia for the samples used in Fig 1 It is apparent that 
the nitrosonaphthol dematne fiom plasma has fluorescence eharactciistics 
identical with authentic tyiosine, being actuated at 4G0 ni/i and fliioiescing 
at 570 m/x 

Fasting plasma tyiosine le^els in patients with specific diseases and in 
sc\en 1101 mal controls aie shown m Table II Le\els in the sc\cn normal 111 - 
diMdiials ranged from 10 to 13 y per milliliter of plasma A few of the pa 
treats exhibited le\cls abo^c 01 below this langc 

DISCUSSION 

riuoionietiie iinthods of analysis ai( of \aliK because of then great sensi- 
tiMty as tompaied to other methods of assay of biologic mateiials Using the 
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recently developed spectrophotoflnoromcter," the sensitivity of the nitroso- 
naphthol method for tyrosine, as described here, is greatly increased in com¬ 
parison to its colorimetric assay. B’or example, to read the samples in the 
plasma filtrates (10 to 15 y) the spectrophotofluorometer was employed at a 
sensitivity setting which is actually a fraction of what could be utilized. It 
has been found that 1 y or less of tyrosine can be measured by the procedure 
outlined in this method. In comparison, for a sample containing 10 to 15 y 
of tyrosine, the optical density obtained in the Beckman spectrophotometer is 
only al)Out 0.050, near the limits of its useful range. Moreover, the specificity 
of the fluorometric method is demonstrated by the similarity of the activation 
and fiuoresccnce spectra of the nitrosonaphthol derivatives obtained with 
plasma filtrates and with authentic tyrosine. In contrast, the absorption spectrum 
of the nitrosonaphthol chromophorc from plasma differs considerably from that 
of the standard tyrosine derivative.' The colorimetric method, as applied to 
plasma, is not specific although it has been shoum to be more specific than other 
chemical methods for tyrosine assay. 

The fluorometi’ic method does not distinguish between tyramine and 
tyrosine; nor does the colorimetric assay. However, the amount of tyramine 
normally present in tissues is negligible, if present at all, and none is found in 
plasma. 

Although some of the values for plasma from patients with specific dis¬ 
eases were above or below the normal range (10 to 13 y per milliliter), an in¬ 
sufficient number of determinations was done to make any conclusions from 
the data. The values for tyrosine in human plasma found here agree well 
with those previously reported rising a microbiologic method.^ 

The method can probably be applied to other biologic materials in ad¬ 
dition to plasma. It should be particularly useful in studies where great 
sensitivity is required. 

SUJIJI.\EY 

A fluorometi'ic method for tyrosine assay has been described. The spec¬ 
ificity and sensitivity of the method are discussed, and its application to the 
determination of tyrosine levels in human plasma has been shovm. 
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ESTIMATION OP URINARY CATECHOL AMINES BY MEANS OP A 
STRIP OP BABBIT AORTA AS AN MD IN THE DIAGNOSIS 
OF PHEOCHROMOCYTOMA 
Oscar M. Helhub, Ph.D. 
iNDtAN VFOLIS, Ind. 

With the Teohnicai. Assistance oe R. M. S inders 

A n INCREASED unnary output of epinephrine and norepinephrine in 
pheochromoeytoma has been verified botli by bio-assay*'* and by chem¬ 
ical methods.* We have found, as have Furchgott and Bhadrakom,* that 
spiially cut stiips of thoracic aorta of rabbits are admiiably suited for the 
qualitative and quantitative assay of epinephrine and norepinephrine. Con¬ 
sequently, when asked to perform an assay for catechol amines on mine from 
a patient suspected of having a phcochiomoeytoma, uiine was tested on the 
aortic strip. AVhen 0.2 ml. of unfractionated urine was added to the muscle 
chamber, a maximal coutraetion occurred An equivalent amount of urine 
from a normotensive individual caused only an insignificant shortening Prom 
this response, it appeared that this technique might bo useful for screening 
patients with hypertension for the possible presence of a pheochromoeytoma. 
In this report the experience with this technique is presented. 

3iateki,u.s and methods 

Spirally cut strips of rabbit thoracic aorta are prepared as described by Furcbgott 
aad Bhadrakom.s Babbits Aveightng 4 to 6 pounds are killed by a blow on the head, and 
bled by severing the blood vessels m the neck The descending thoracic aorta is removed 
and placed in a Petri dish containing Krebs bicarbonate solutiono at room temperature 
Excess fat and connective tissue arc trimmed off The whole length of aorta is then cut 
along a close spiral. Strips of approximalcU 40 to 45 mm. in. length (unstretched) arc 
used for tho assaj. The strips are mounted in a muscle chamber of 20 ml. capacity with 
tlio aid of stauile'-a steel hooks. The muscle chamber assembly is lUuatiatcd in Fig. 1. 
Tho bath is luaiutained at 37 5* C. The strip is bathed with Krebs bicarbonate solution 
containing 0 2 per cent glucose Through this solution, both in the muscle chamber and 
reservoir bottle, 05 per cent O. and 5 per cent COj is bubbled to maintain the pH of 7 4 
Tho isotonic lever is ad3usted to give a ninefold amplification and counterweighted to exert 
4 Gm. tension on the strips. The contraction is recorded on “"Waxer” paper (Gorrell and 
Gorrell) by means of a heated stilus attached to tho lever. A small vibrating motor is 
clamped to the rod holding the lever lo elmiiuatc any friction of the stilus on tho paper 

Collection and Trcseriaiion of Vtme ,—^Immediately after tho urine has been voided, it 
IS adjusted to pH 3.0 by the addition of HCI to prevent inactiv ation of the catecliol amines. 
Von Euler? has tound that even after 15 days at room temperature at pll 1 to 3 catechol 
amines in urine are not appreciably inactivated We have found that when kept in a 
frozen state, catechol amines in urine at pH below 3 maintain activity for over a jear. 

From the Lilly Laboratory for Clinical Research. InillanapoUs General Hospital, In¬ 
dianapolis, Ind 
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Since it IS sometimes difficult to obtain 24 houi urine specimens in an open ward or 
outpatient department, the small amount ot uiine needed foi assay -nith the aortic strip 
method makes it possible to collect urine oiei a shortei peiiod. Most of the assajs reported 
in this paper have been done on urine collected o%er a 2 hour period If the samples are 
not assaj ed at once, an aliquot is stored m a frozen state. 



Asi,ay Piooccluic. —The strip is not used for a«sajs until maximal sensitivitj to norepi 
nephrino or epinephrine is attained. This usually occurs after 2 or 3 additions of 0.05 to 
0 1 Mg of norepinephrine to the chambei. With these doses, contractions of 21 to 41 nini 
are obtained. The time requiied for the strip to leach maximal responsiveness is about 
1% hours. 

In order to compensate for diftereiiees in urine ^olunle, an amount of unfractionated 
iirino equivalent to that excieted in 01 to 0 2 minute is added directly to the muscle chain 
ber irom a tuberculin sjringe fitted mth a needle long enough to dip belon' the surface 
of the solution in the chambei. The plunger ,s moved bach and forth 3 times to insure 
proper mixing. 

Test substances are Hashed out of the chamber mthin 1 to 2 minutes after maximal 
contiaction is attained. 

RESULTS 

Qualitative Assay .—In Fig. 2 is shown an example of an assay of urine for 
catechol amines. Unfractionated urine equivalent to that excreted in 0.1 mm- 
nte was added to the muscle chamber. The specimen from a patient suspected 
of having pheochromocytoma caused a strong contraction; whereas an equiva¬ 
lent amount of urine from a normotensive subject or from a patient with essen¬ 
tial hypertension produced no shortening of the muscle strip. The specificity 
of the test was shown by the addition of 0.1 mg. Regitine (phentolamine nieth- 
anesulfonate) to the muscle chamber and the retesting of the urine from the 
patient .suspected of having pheochromocytoma. In the presence of Regitnie, 
this urine wqqs inactive. The strip xvas also unresponsive to iwrepiiiepbnne. 
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Since tlie coiibtiictoi ixctuity of angiotomii is not abolished by adienolytic 
agents, angiotoiiin ivis iddcd to the muscle cliambci in oidei to test the via 
bilitj of the stii]) The lesulting coiitnctioii indicated that Hegitine did not 
hi\e an injiuious ctfect 

Since noimal luiiie contains hj<lio\jtMamine in addition to epinephrine 
and noiepniLphrmc (\on Eulei, Hamboig iiid Ilcllnei*), the possibility that 
this catechol anunc might influenco the nssa> had to be consideied Hy 
dioxytyiaiuinc behaios like cpmcphiiiic and noiepinephiinc m two lespects 
Fust, a factOL in mine enhances the ability of each of these agents to cause a 
contraction ot the stiip, second, JRcgitiiic also inactuatcs it IIowe\ei, hy 
dio\ytyiamine is only about one fiftieth as acti\c as noiepinephrine on the 
labbit aoita stiip and should ha\e little effect on the assa> 



Piff 2—Assay of unfractionate t urines foi catechol amines on strip of ribbit lorta 
1 0 5 niff Versene + 0 15 ;ie norepinephrine 2 normal unno equi\alent to 0 1 minute J 
urine from a patient ^^ltil essenti tl hypertension 
toma urine c(]u>\alent to 01 minute 5 Regiti 
equivalent to 0 I minute 7 0 5 tug I DTA + 0 15 
Ordinate record of contraction In inilliinctcrs Lc 


Additional CMdcncc tint hydio\ 3 tjlamine docs not mtcifeie with the 
assiy wis obtained by the use ot 'Maisilid (ipioniazid*), an ammo ONidasc m 
liibitoi Ihis igent maikcdly potentiates the contiaction pioduced by both 
tyiaminc and hydioxytjiaiiiine It has only a slight effect on einnephimo oi 
uoiepincphiine on the stiip Ihe addition of ’\Ixisilid to the muscle chamber 
has not enhanced the contiaction pioduced by eitliei noimal uiine oi urine 
fiom p itients with pheochi omocytoma so fai tested 

Well Valheibc” leccntlj desenbed a patient ■with pheochi omocytoma in 
which the uiinaiy exeietion of hydioxytjiamine was incicased as much as 
01 more than the exciction of noiadieiialinc The addition of jMaisilid to 
the bath would be useful in detecting such cases 

luithei indications of the sjiccificity of the test aie dcmonstiated in Fig 
3, in ■which a nime fiom a patient with pheochi omocytoma was assayed befoie 
and aftei the icmoi al of the tumoi The pieopeiative lume specimen caused a 
stioug contiaction the postopeiatne sample gaie the same response as a uune 
fiom T. noimotensiie subject Identical icsults were obtained with uimes col 
lected befoie and aftei opeiation fiom 4 other patients 

•I ^\Ish to thank Dr Elmer Scxnnffhaus of Hoffii ann La Roclie Inc for kimlly 
suppljing tie Alarsilld (iproniazil) u»ed in this studj 
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Quantitative Assay of Plieochromocytoma Urine .—For screening hyperten¬ 
sive patients for the possible presence of a pheochromocytoraa, a quantitative 
assay is not in most instances necessaiy. The difference between the contrac¬ 
tion produced by urine from patients with essential hypertension and proved 
cases of pheochromocytoma that have been assayed in this laboratory has been 
obvious. The amount of urine equivalent to 0.1 to 0.2 minute of the former 
group of patients causes only an insignificant contraction, whereas with the 
latter groirp, an amount of urine equivalent to 0.02 to 0.1 minute has caused 
a strong contraction. However, between the two extremes are a groux) of pa¬ 
tients whose urine causes a shortening of the muscle strip that is definitely 



I 2 3 4 8 


Pig. 3.—Contraction of aortic Strip imluced by urine from a patient with pheoohromocy- 
toma before and after removal of tumor. 1, Normal urine equivalent to 0.1 minute; 2, pre¬ 
operative urine equivalent to 0.1 minute: 3, postoperative urine equivalent to 0.1 minute: 
4, 0.3 fig norepinephrine; 5, 0.2 gg norepinephrine. 



Fig. 4.—Ability of urine to enliance contraction produced by epinepiirine. 1, 0.1 #ig 
epinephrine; 2. 0.05 /ig of epinephrine; 3, 0.1 mi. normal urine; 4, 0.1 ml. normal urine + 
0.05 pg epinephrine. 

more than that produced by average normal urine but not as much as that 
from proved eases of pheochromocytoma that we had examined early in our 
studies. In order to make a better intei'iiretation of the results of the assay 
of such urines, a quantitative assay has been done on all urines that cause a 
definitely greater contraction than normal urine, as well as urines from a 
group of normotensive subjects. 

There is a factor in ui’ine which greatly enhances the contraction produced 
by epinephrine and norepinephrine (Fig. 4). This enhancement is similar to 
that produced by ethylenediaminetetraacetie acid (EDTA). Therefore, the 
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catediol amine content of uunc cannot be asbijcil diicctlv ajjamst these con 
stiictoi agents In the qnnntitatne assay of nnnts fiom patients ^\lth pheo 
clnomocjioma, noiepinephime -with tlie addition of 0 5 ing ot EDTA to the 
bath has been used as a standard It is also possible to substitute for the 
EDTA an amount of noiinal uiine equivalent to that of the pheochromoejtoma 
urine being assayed Tlie low catechol aniinc content of the noimal uiine 
would not mteifeic in assa>s of mines fiom patients with phcoehromoejtoma 
with high catechol amine values 

In Tig 5 IS shown an e\amplc of a quantitative assav of a mine from a 
pheoehiomocytoma patient In this instance the urine being assayed was 
bracketed by known concentrations of norepnicphinic, m othoi cases an exact 
match of the unknown and the stamlaid was achieved 

In oidei to check the validity ot the quantitative assav of unnes which 
had a high catechol amine content, such uuncs vveie injected intiavcnouslv in 
a pithed cat to compare their picssor actmtj to that of norepinephrine 



Fie 5 —^uantltatl^e assay of unne from patient mth pheochromocytoma. 1 Ou mg 
HDTA -f 0 2 norepinephrine 0 0-i ml of pheochroniootoma urine 3 Oa mg HDTV * 
0 25 mB of norepinephrine Calculated \alue—o 6 fie 

III Table I is shown a compaiison of the aoitic strip and piessoi assay of 
3 urines, 2 of high catechol amine content, and 1 which is dchnitelj highei than 
normal but not as high as the pioved cases of pheochiomocjtoiiia in oui senes 
The assays of the more active uiincs were m good agi cement by both methods 
Poi the assay ot these urines m a cat amounts of mine equivalent to only 0 17 
to 027 minute weie lequiied to piodiicc uses in aiteiial blood piessuie of 38 
to 24 mm Hg 

Table I CoiipVRisov of the \optic Smi Technique Dipcct Pressof Assvr ln 

CVTS lOP. TUL DeTLI MIN VTION Ol THE CVTECHOL \M1NE* CONTEST OF UnFRACTIOWTED XJFLNF 



I STPIP VbSVV 

1 IPESSORASSVV 

PVTIENT 

1 (/■G/MI.) 

(/lO/MI, ) 

il C 

57 

oO 

M S 

08 

09 

H T 

1 0 

0 27 


•nxpressed as norepinephrine 


With the mines of a lowei eateehol imine content, the pressoi assay gave 
a much lower value tlian tliat obtained ou the stiip An anioimt of urine equiva 
lent to 1 85 minutes g.iv e onlj a 14 mm iiso in blood piessmc With the hi gei 
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amount of urine required, the lower Amlue obtained in the pressor assay is prob¬ 
ably due to the presence of kallikrein, an enzyme in irrine which acts on the 
alpha-2 globulin fraction of plasma to form a depressor polypeptide, kallidind“ 
Assays have been done on 560 urines from patients with elevated arterial 
blood pressure. ^Many of the urines were sent by mail from hospitals in other 
cities. In Table 11 are recorded the results of the quantitatwe assay of urines 
of 10 patients in whom the presence of pheochromocytoma has been proved by 
operation in 9 and by post mortem in 1. In 9 of these patients, the catechol 
amine content was more than 18 jig per hour. The highest Amlue found Avas 
396 jag per hour. One patient of the paroxysmal type, Avho had a positive hista¬ 
mine test, excreted only 8 pg per hour. The blood pressure of this patient at 
the time of urine collection was not recorded. After the removal of the tumor, 
only about 1 to 2 jag of catechol amines per hour Avere found in the urine. 


Table II. Urinary Excretion op Catechol Amines, Expressed as Norepinephrine op 

P.ATIENTS IN AViiOAI THE PRESENCE OR ABSENCE OP A PHEOCHROMOCYTOSIA AVaS 

Veripied by Operation 


patient 

1 mg/hr. I 

TUMOR + OR - 

1 PHARMACOLOGICAL TESTS 

M. C. 

396 

+ 

Begifme + 

P. D. Y. 

302 

+ 

Not done 

D.il. 

14-1 

+ 

Eegitine +, Histamine - 

M. S. 

107 

+ 

Eegitine -(• 

J. E. 

98 

+ 

Not done 

F.G. 

96 

+ 

Eegitine + 

J. Sh. 

37 

+ 

Eegitine + 

M. B. 

30 

+ 

Not done 

A.N. 

IS 

+ 

Eegitine + 

P. B. 

lo-22 


Eegitine + 

K.K. 

15 


Eegitine + 

A. P. 

8 

+ 

Histamine + 


In addition to those patients 3 others Avere found Avho excreted 33 to 63 
[ig of catechol amines per hour. At this time these patients have not been sub¬ 
jected to an operation. 

The aAmrage value of urinary catechol amines in 11 healthy laboratory 
Avorkers Avas found to be 3.6 jag per hour Avith a range of 1.6 to 6.6 jig. Be- 
tAveen these figures and the definitely cleA'ated Amines found in the proved 
cases of pheochromocytoma during a phase of elevated pressure Avas a group 
of 6 patients Avith catechol amine concentrations in the urine Avhich ranged 
from 12 to 22 jig per hour. Surgery Avas performed on 2 of these patients; in 
neither Avas an adrenal tumor found. 

One of the patients (R. K.) had a blood pressure Avhich varied betAvecn 
110/70 and 180/120 •, she excreted 15 jag of catechol amines in 2 samples of 
urine submitted 2 months apart. When Eegitine Avas given to her at a pres¬ 
sure of 180/120, there Avas a fall in blood pressure to 120/70. This patient 
Aveighed 235 pounds. Another patient (P. B.) Avith a fixed elevation of pressiu’C, 
AA'ho had a positive Eegitine test on tAA’o occasions, had urinary catechol amine 
valiACS ranging from 15 to 22 jag in 3 urine samples. A tumor Avas not found in 
this patient on exploration of the abdominal caAuty. 
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Fiv e patients who did not ha\ e an ele^ ated catechol amine content in their 
urine ha^e been subjected to opeiatioii oi have had a postnioitem examina¬ 
tion In none of these patients was a pheochiomocjtoma found 

The value of adding Regitme to the bath to test vvhcthei the contraction 
pioduccd by a in me being assajed is due to a catechol amine was demonstrated 
conclusivelj in a specimen olitamed from i diabetic patient Two specimens 
of unne which wcic mailed to this laboiatoi> caused a strong contraction of 
the stiip The contiaction was not abolished bj Regitinc * A kidney extiact 
cont lining cathepsins destiojed the constnctoi substance in this uiine indicat 
ing the jnesence of a pol>peptide, pcihaps kalhdin, which stimulates smooth 
muscle picpaiations 

The L^ect of Therapeutic Affents on As^ay —Cliloipioniazme, hvdialazine, 
and adicuoh'tie agents, when added to the aoitic stiip will pievent the con 
stnction produced bv epineplume and noiepinephiine Consequently, if pa 
tients aie receiving these medications, theic is a possibility that the excretion 
of these substances in the uimo might inteifcic vvith the assav Two uimes 
that weie assayed abolished the contraction produced by norepinephiine One 
of the patients was leceiving hydialazine Infoimation was not leceived on 
the theiapy of the other patient Tht unne collected 4i/^ houis aftei a Rcgitmc 
test inhibited norepineplumc, that collected aftei lYo hours had no such 
effect 

Uimc obtained from patients ticated with leseipinc, ganglionie blocking 
agents oi baibituiates did not mteifeie with the assay 

DISCtd&lON 

The estimation of catechol amines in uimes by means of a spiially cut 
strip of labbit aoita appeals to be a useful adjunct m the diagnosis of pheo 
chiomocytoma It has these advantages Suite such small amounts of un 
fractionated mint aic lequired foi the assay only a 1 to 2 honi iiiino sample 
need he collected It umies aie adjusted to pH 3 0 oi below, they can he stored 
in a lefiigeiatoi oi in a fiozen state until it is convenient to assay them The 
method is lapid AVitli one stiip urines of noimal catechol amine content can 
be SCI celled at the late of 5 to 6 an houi The method has also proved use 
ful as a confirmatoi y test in the diagnosis of pheochi omocyd;oma 

In most of the pioved cases of plicochiomocytoma leported in this paper, 
the catechol amine content of the uiine was so high a quantitative assay was 
not ntcessaiy "With values of 20 /ig pci houi oi highei, false positives would 
)>c unlikely 

On the othei hand, it is quite possible that in patients of the paioxysmal 
tyqie, an elevated content of catechol amines might not be found, particulaily 
between attacks This possibility is emphasized by Litchfield and Peart on the 
basis of an mteiesting case they’’ described recently “ These authors concluded 
fioni the findings iii tliLS case that although the assay of catechol anunes in 

•The urine from this patient ^\as also sent to Dr "Marcel Goldcnberg: for a chemical 
issay for catechol amines This laborator> «li I not And an clc\ate<l content of epinephrine, 
or norepinephrine 
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amount of urine required, the lower value obtained in the pressor assay is prob¬ 
ably due to the presence of kallikrein, an enzyme in urine which acts on the 
alpha-2 globulin fraction of plasma to form a depi’essor polypeptide, kallidind“ 
Assays have been done on 560 urines from patients with elevated arterial 
blood pressure. Many of the urines were sent by mail from hospitals in other 
cities. In Table II are recorded the re.sults of the quantitative assay of urines 
of 10 patients in whom the presence of pheoehrOmocytoma has been proved by 
operation in 9 and by post mortem in 1. In 9 of these patients, the catechol 
amine content was more than IS /xg per hour. The highest value found was 
396 /xg per hour. One patient of the paroxysmal type, who had a positive hista¬ 
mine test, excreted only 8 /xg per hour. The blood pressure of this patient at 
the time of urine collection was not recorded. After the removal of the tumor, 
only about 1 to 2 /xg of catechol amines per hour were found in the urine. 

Table II. Urinary Excretion op Catechol Amines, Expressed as Norepinephrine op 
Patients in tViioii the Presence or Absence oP a Pheochromocytoma Was 

Verified by Operation 


PATIENT I MG/HR. | TUMOR + OR - ]_PHARMACOLOGICAL TESTS 


M. C. 

396 

+ 

Regitine + 

P. D. Y, 

302 

+ 

Not done 

D.M. 

144 

+ 

Regitine +, Histamine - 

M. S. 

107 

+ 

Regitine + 

J. E. 

98 

+ 

Not done 

F. G. 

96 

+ 

Regitine + 

J. Sh. 

37 

+ 

Regitine + 

M. B. 

30 

+ 

Not done 

A.N. 

18 

+ 

Regitine + 

P. B. 

15-22 

- 

Regitine -r 

R. K. 

15 

- 

Regitine + 

A. F. 

8 

+ 

Histamine + 


In addition to these patients 3 others were found who excreted 33 to 63 
/xg of catechol amines per hour. At this time these patients have not been sub¬ 
jected to an operation. 

The average value of urinary catechol amines in 11 healthy laboratory 
workers was found to be 3.6 /xg per hour with a range of 1.6 to 6.6 /xg. Be¬ 
tween these figures and the definitely elevated values found in the proved 
cases of pheochromocytoma during a phase of elevated pressure was a group 
of 6 patients with catechol amine concentrations in the urine which ranged 
from 12 to 22 /xg per hour. Surgery was performed on 2 of these patients; in 
neither was an adrenal tumor found. 

One of the patients (R. K.) had a blood pressure which Amried between 
110/70 and 180/120; she excreted 15 /xg of catechol amines in 2 samples of 
urine submitted 2 months apart. When Regitine Avas given to her at a pres¬ 
sure of 180/120, there Avas a fall in blood pressure to 120/70. This patient 
Aveighed 235 pounds. Another patient (P. B.) Avith a fixed elevation of pressure, 

' Avho had a positive Regitine test on Iaa'O occasions, had urinary catechol amine 
values ranging from 15 to 22 /xg in 3 urine samples. A tumor Avas not found in 
this patient on exploration of the abdominal caA-ity. 





A NEW TECHNIQUE FOR DIFFERENTIATION OF HEMOGLOBIN 

Abner R Robinson, M S , Margaret Robson, B S , Ann P Harrison, B S , 
AND WoLi. W Zuelzer, M D 
Detroit, Mich 

T he detection of small amounts of a hemoglobin component in the piesence 
of large amounts of anotliei hemoglobin b\ means of paper electioplioresis is 
difficult This pioblem has been paiticulaily evident with respect to the deter 
mination of fetil hemoglolnn Chemically, the Singer 1 minute alkali lesist 
ance method^ is umcliable at low levels, the moie refined techniques aie laboii- 
ous and may give eiioiieous lesults in the piesence of caibon monoxide hemo 
globin * Also, the identification of alkali resistant hemoglobin by free elec 
tiophoresis is difficult and requiies consideiable care 

The long known but little used agar gel clectiophoiesis medium seemed 
to us to oftci some hope of sepaiatiiig the fetal component Gordon and asso 
ciates® ha\e domonstiated the sepaiation of hemoglobin from ferritin, and 
Bussard 'ind Pciiin* have used agai as a suppoiting medium foi serum pio 
tein sepaiation The present method was first devised with the intent of pro 
viding an easy, eleai cut method of separating fetal (alkali resistant) hemo 
globin Howevei, duiing the com sc of its development it proved to bo valu 
able in detecting and quantitating both alkali lesistant and othei hemoglobins 
The method requires veiy little additional caic than paper elcctrophoiesis in 
opeiation and when used in conjunction with papci electiophoresis piovides a 
means of distinguishing between hemoglobin D and hemoglobin S 

The method has been applied to artificial and naturally occurring mixtuics 
of hemoglobins A, P, S, D, and C The components A, P, S, and C gave chai 
acteustic sepaiations (Fig 1), whereas D did not sepaiatc fiom A (Pig 5) 

METHODS VND "MATERI VLS 

Hcmoglohin —Hemoglobin solutions were prepared b> iiasliing 3 times with 

isotonic saline, and hsiiig witli distilled water and toluene The solutions \Nere allowed 
to stand overnight in the refrigerator an I then centrifuged at 3,000 r p m The clear hemol 
j&ato T\ab then removed with a needle and sjnnge All simples were run as oxjhenio 
globin riio carbox> hemoglobin was first uscl but no dilTcrcnco in the pattern could be 
detected from that obtained with o\\ hemoglobin samples 

Paper Flecirophorcsis —Tlie paper patterns were obtained using a veronal buffer, pH 
S C, ionic strength 0 05, in the apparatus described bj Zuelzer and associates 5 Time of run 
was 10 hours at 7 Ma and 250 volts 

Exchange Chromatogiaphy —The fetal hemoglobin picparatiou was carried out using 
lEC 50 resin and a citric acid citrate buffer as described in the method of Prins and Iluisman c 

From the Chil 1 Research Center of MichlBan Detroit, Mich 

This investigation was supported in part bj a grant from tlie Rockefeller Foundation 
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Solubility. The solubility determinations were made using the method of Itano." 

Agar Electrophoresis .—The separation of hemoglobin using agar as a media uas achieved 
as follows: a 1 per cent agar solution* was prepared using a citric acid-sodium citrate buffer, 
pH 6.5 and 0.05 H. (The buffer was prepared by dissolving 147 Gm. of sodium citrate [2 
H.O] in. 600 ml. of H.O, adjusting to pH 6.0 with concentrated citric acid solution, and dilut¬ 
ing to a liter. This nas the stock buffer solution. The buff'er was prepared for use by dilut- 
uig the stock solution, 1 part stock solution plus 9 parts water, and adjusting to pH 6.2 with 
citric acid solution.) The agar was heated until clear and then allowed to cool until just 
abovo the gelling point and then poured on a 4 by 10 inch thin glass plate which had filter 
paper wicks placed on each end and allowed to gel (appro.ximately 25 ml. of solution is ade- 
ijuate). When the agar had cooled to room temperature samples of hemoglobin solution 
were introduced in the gel in the following manner; slits approximately % inch long 
were made in the gel across the end of the plate with inch between the slits. A small strip 
of filter paper was then soaked with hemoglobin solution of approximately 10 Gm. per 100 
ml. concentration and inserted in the slits. The entire plate vv'as coated with a plastic by 
spraying with Krylon.f This is essential to prevent drjdng of agar during electrophoresis. 

The plate was placed in a paper electrophoresis apparatus previously described^ which 
contained the same buffer as used to make up the agar solution. A current of 20 Ma. and 
350 volts (supplied by a Heath Kit) produced good separation in 16 hours. 
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Fig. 1 .-—Typical agar plate pattern, with samples of hemoglobins P, A, -tC, and -tS. 

The hemoglobins under these conditions migrate toward the cathode as would be e.x- 
pected at this pH. However, as can be seen in Fig. 1, the order of separation is not the 
same as that found in free electrophoresis at pH 6.2, since alkali resistant hemoglobin 
migrates fastest with hemoglobins A, S, and C following in that sequence. This is the re¬ 
verse of the order found in free electrophoresis but very similar to the manner in which 
hemoglobins separate on the lEC 50 resin column of Prins and Huisman.s This order would 
indicate that the separations are due to a combination of adsorption and electrophoretic 
effects. 

The agar plates may be stained by stripping off the plastic coating and staining with 
Amino-Schwartz lOB in a methyl alcohol, water, and acetic acid solution (50;50;5) for 2 
minutes followed by careful washing with 2 per cent acetic acid solution. After staining 


*Bacti-.4gar. Difeo Laboratories. Detroit, Mich. 
fManufactured by Krylon, Inc., Norristown, Pa. 
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anO \sashuijj tho plates are ilnel it room ttmierature Ihe a^ar ijiieres to the plate like 
photographic emuNion an I gi't-s a lou bichgroujid iihen reuil in a deusitouieter QuaiiU 
tation b\ this means Melds results comparablt to that obtained on paper 

RESULTS 

lie? 1 ilJustiatCb the t}pictl sepal itioiis obtained using hemohsates fiom 
hiiouu samplts of V, \, AO, and AS hemoglobins The P sample (coid blood) 



2 —Coini aHaon of (A) paper electropl ore«is and (D) agar electrophoresis m a faniilj 
stuil> of sickle cell Uialas'^e nia 

Ind been found to hate 87 pei cent alkali icsistant hemoglobm As» can be 
clcaily seen the pattern of the P simple dcmoustiatcs the presence of 1 small 
unuunt of A which paper clectiophoicsis had failed to show The A, AC, and 
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Fig. 3.—Illustration of effect of decreasing amount of hemoglobin introduced on agar plate. 



ur 

M 






iz 



4—Comparison of small components using (A) paper electrophoresis, and (B) 

plate method. 
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AS samples coiituincd between 1 and 2 pei cent alkali lesistaut hemoglobin 
As can. be seen in the illustiatioii, A S, and C aie cleaily separated and a spot 
appears in the P position with an intcnsitj comparable to the peicentage of 
alkali lesistance obtained by the chcimcal method 

A second faint spot, MSible on agai m the A, AC, and AS samples 311st 
ahead of the A position h.is not been identified as yet but was present m many 
samples examined In the A and AC patteins theic was also an incieased 
density in the S position This i\as icpiodueible and occuired in only a fen 
specimens The authois have as yet been unable to dcteimine iihethei this 
lepiesents sickle hemoglobin anothei hemoglobin with a mobility similai to 
sickle, 01 an aitifact Howeici with the incieasing reports m the literature® ® 
of minoi components in normal hemoglobins these small amounts of hemo 
globin 01 hemoglobin like substances merit attention 

Pi" 2 demonstrates the use of the agar method in a family with sickle 
thalassemia disease in two mcmbcis 

Case Heport —T4 was a 12)cdrol(l boj \\ho<ic blood sickleil on smear and «ho had a 
largo number of target cells His hemoglobin wis 2 Gra per 100 ml an 1 his K B C nas 
800,000 

TS was a 10 j ear old girl whose blood Mckkl on smear and had a largo number of 
target cells Her hemoglobin was 9 Gm per IflO ml and her BBC was 4 100,000, hemato 
ent 31 per cent, and reticulocvtea 2 2 per cent 

Tho blood of the father (11) was that of n tipical ><10X16 trait, the blood of the 
mother (T2) maniftated thalassemia minor 

Compaung agar patterns wth papei patterns it was seen that T4 and T5 
on papci showed predominantly S with only an indication of V, while on agai 
T5 cleaily showed A and F, and T4 showed a faint indication of A with a dis 
tinct spot foi F The hemoglobin F is veiy cleaily sepaiated Chemically To 
had 10 pel cent, and T4 15 pei cent alkali lesistant hemoglobin This may not 
appeal so from the illustration, but the T4 hemolysate was veiy weak (3 Gm 
pei 100 ml) as compared to To whose hemolysate in as 10 Gm per 100 ml This 
was unavoidable as T4 was scveiely anemic T3, the father, clearly demon 
strates tho presence of A and S with a small amount of F (1 pei cent alkali 
lesistant) The mothci (T2) and sibling (Tl) possessed only A "with less than 
1 pei cent alkali icsistant Again good agreement existed between the inten 
sity of the F spot and alkali resistance detcmnied chemically 

The concentiation of hemoglohin m tho hemolysate was found to be sig 
nificdiit Ihg 3 illustiates the effect of lowering the hemolysate concentration 
Sample 'W iias A with 2 pci cent alkali lesistant hemoglobin and an hemolysate 
of 11 Gm per 100 ml , sample X uas A with 1 8 pei cent alkali resistant hemo 
globin with an hemolysate of 6 Gm pei 100 ml , sample Y ivas A witli 2 9 per 
cent fetal, hemolysate 3 Gm per 100 ml , sample Z was A with 56 per cent 
alkali resistant hemoglobin and an hemolysate of 2 Gm per 100 ml 

It can be seen fiom this jUiisti«ition that \aiiation of the hemolysate con 
cciitratiou fiom 6 to 10 Gm per 100 ml causes little difficulty in the iccogni 
turn of mmoi components Howcxei ■when the concentiation was dioppcd to 
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3 Gm. per 100 ml., the F component Avas not discernible. The necessity of main¬ 
taining the hemoglobin concentration at the proper level is more clearly dem¬ 
onstrated in sample Z where the A component is barely discernible. It should 
also be noted that ivith increasing amounts of hemoglobin, the spot increases 
in the direction of movement. Note the difference betAveen the A component 
in samples Y and X. If the concentration is increased too much or if too large 
an amount of hemolysate is introduced onto the plate, an “overload” pattern 
develops in Avhich a single spot migrates from the A to the F position and all 
intermediate details are obliterated (see Pig. 4, sample IV). 
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pjg- 5.—Illustration of differences in beha\ior of hemoglobin D and hemoglobin S on (A) agun 

and on (£) papei electrophoresis 


Fig. 4, sample I, obtained from a ncAvborn infant, shoAved the presence of 
A- and G-like components, demonstrated on agar Avhen not detectable on paper. 
This sample contained 94 per cent alkali resistant hemoglobin when tested by 
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chemical methods and appeared as a single spot on paper The confirmation 
of the actual presence of A and C must await the disappearance of the fetal 
hemoglobin and the appear ance of the adult hemoglobin in this infant 

bample II was shown on paper to contain S and C, the alkali resistance 
tested chemically was IG pei cent and the sickle preparation was poaitne 
■\Yhen tested on agai the presence of distinct spots in the A and F positions 
w as noted 

Sample III appeared as a single component, S, on paper The patient’s 
eiythiocytcs sickled on smear The hemoglobin showed 1 per cent alkali re 
sistance No signs of thalassemia weic manifested On chemical and genetic 
grounds this indiMdiral was thought to have sickle cell anemia When sample 
III was analyzed on agar a faint spot was \isiblc in the A position in addition 
to a spot in the F position Thus, it would appeal from samples II and III 
that an A like compoiKiit docs occiu in the SC combination and that appai 
ently puie S may also be accompanied by an Alike component (as in sample 

HI) 

Sample IV was hemoglobin A and illustrated what happened when the 
agar is oveiloaded with hemoglobin 

Fig 0 domonstiates the behaMOi of D As was cleailj shown by the pa 
pel patterns, samples D and “D” scpaiatcd into two spots in the A and S posi 
tious Both samples were likewise shown to ha\e peaks in the A and S posi 
tions in fice electiophoiesis using pH 6 5, 01 ionic stiength, cacodylate buffei 
The samples woic tested foi solubility by tlie Itano method and found to have 
solubilities identical with that of an AD mi\tui c As can be seen in Pig 5, on 
agar a single spot in the A position was found D, thus, did not sepaiate from 
A IIowcvci, S, in ail AS combination, did clearly sepaiate 

This method in conjunction with papei electiophoiesis piovides a means of 
identifying D in the piesence of S without testing foi solubility 

The method has also been employed on samples of hemoglobin AG It was 
found that G separated in a position just shghtlj ahead of S Uiifoitunatelj 
illustiations of this effect aie not a\ailable It is hoped that more samples of 
the now known types of hemoglobin will become available to us for testing by 
this technique 

DISCaSSION 

The agai technique htis been employed foi the detection of both small and 
large amounts of alkali icsistant hemoglobin The concentration detected 
\aiied fiom less than 1 per cent to 94 pei cent The ability of the method to 
detect \eiy low concentrations of alkali lesistant hemoglolun and yet maintain 
good agiecment with chemical determinations make the method a useful tool 
In the development of the method howcACi, its ability to sepaiate majoi com 
ponents, and, on the otliei hand, to show the piesence of small components of 
other hemoglobin like substances has fuithex mcicased its ^alue Indeed in 
the light of the possible genetic implications, these findings of an A like sub 
stance ill the SC combination and in the S homoz} gote, maj be the method’s 
most \alinble aspect 
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The additional demonstration of the failure of the method to separate 
D from A provides, when taken in conjunction with paper electrophoresis, a 
means other than the solubility for demonstrating the presence of this hemo¬ 
globin. 

SUMJIAEY 

The technique as described here has provided a means of clearly demon¬ 
strating the presence of alkali resistant hemoglobin electrophoretieally. We 
are also able to separate hemoglobins A, ,S, and C in a manner comparable to 
that obtained by paper electrophoresis. The method is unable to separate D 
from A but when used in conjunction with paper electrophoresis and the 
sickling technique thus provides another characterization of D. 

At least one other component is demonstrated in normal blood which as 
yet has not been identified. The appearance of minor components in normal 
and abnormal blood in the position of known hemoglobins and in intermediate 
positions awaits further investigation and application of this method. 
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THE LABORATORY DETER^^UNATION OF PEPSIN IN GASTRIC JUICE 
AVITH RADIOACTIVE lODINATED ALBUillN 
Arthur P. Klotz, M.D.,* .vnd AIelva R. Duv.vli.** 

KANS.VS City, Kak. 

T he determination of pepsin in gastine juice is not a routine laboratory 
procediiic. Occasionally pepsin determinations \vA\e been performed to 
estimate expected progress in the healing of known peptic ulcerLittle clinical 
attention, however, is gheii to gastric pepsin currently since the main attack 
of ulcer therapy is in neutralization of the free acid in the stomach. 

AVlien pepsin determinations arc performed in the laboratory today, the 
hemoglobm method is the proccduic most frequently used. This method usually 
involves diluting the gastric juice sample in older to decrease the pepsin con¬ 
centration to the sensithity range of the test. This dilution factor introduces 
a vaiiable in peptic activity that must be taken into account in estimating tlie 
concentration of the enzyme.*’ * 

A simple, direct method of measurement of peptic activity on routine gastric 
analysis samples can be performed with radioactive P®*-labeled albumin. This 
procedure is described below*. It compares favorably with the established hemo¬ 
globin method of pepsin assay and it provides a clinical estimate of pepsin con¬ 
centration in the gastric juice of the patient being tested. 

MATERIALS AND METHODS 

Gastric ju»cc is obtaiucd in the usual manner of gastric analysis m the fasting patient. 
A LcMn tube is passed and the fasting residual is removed and saved. Thereafter, four 
lo minute fractions of gastric juice samples arc collected by constant hand suction. This senes 
of 5 specimens constitutes the basal gastric analysis. The juice is ceatnfuged to spin out 
solid particles and mucus, and the \olumes arc measured 

Olio miDibtcr of radio.ictiie jodinuted albunnnt of known specific actuilj of approxi 
malcly 0 03 fic/xn\. and 1 ml. of G per cent bovine albumin as a earner are added to an 
8 ml, test tube. The pU is adjusted to 2 by the addition of 3 ml. of Sprensen'a buffer. 
(Sprenseu’s buffer* 7.51 Gm. of glycmc and 5 85 Gm. of NaCl in one liter of water added 
to one liter of 0.1 N HCl.) One milliliter of the clear centrifuged gastric juicc is then added 
and the mixture is incubated at approximately 37" C. for 15 minutes. 

Polloiung incubation, 1 nil. of 50 jicr rent trichloroacetic acid (TCA) is addul Tht 
precipitate is centrifuged and the clear supernatant is decanted into tube I. The remaimug 
precipitate j& waslied once in 5 ml. of 7 per cent TCA, spun down, and the solution decanted 
into tube 2. (Seven per cent TCA is used in this step since it compares witii the concentration 
m the original sample when 50 per cent TCA has been added to it.) Tltc fixed precipitate 
13 dissolved in the third tube with 0 2 X NaOlI and all 3 tubes brought up to the same level 
and counted for one minute lU a Xancj Wood scintiUation counter. The second tube con 
taming tlie w.ish solution i» counted 3 lumutes because of its low activity. The sum of the 
activity of tlie supernatant fluids is a lucnsurc of cnrjinatic action on the radioactive lodmated 
albumin substrate. Tlic per cent of activity is calculated by dividing the total count, 

'From the Department of Medicine of the University of ICansaa Medical Center, ICansas 
Clt>, Kan, and the Radioisotope Section ami KcHeircU Rahoratorj', Veterans Administration 
Hospital. Kansas City. Mo 

**From the Radioii-olope Service and Research Lahorator>, Veterans Adnunlstratlon 
Hospital. Kansas City. Mo 

tRlsa, Abbott Laboratories, North Chicago, III. 


753 



754 


KLOTZ AND DUVALL 


J, Lab. & Clin. Med. 
November, 1957 


including the count of the precipitate, into the sum of tlie counts of tlio supernatant fluids 
and multiplying by lOO. A standard curve of reference is made by the use of 2 X crystallized 
pepsin* with concentrations extending over a range of 0.1 mg. through 5.0 mg. The activity 
of the unknown can be read directly from this (Pig. 1). The per cent of recovery is 
synonomous with the per cent of activity. 



Fig. 1.—Standard curve with use of 2 X crystallized pepsin. 


Since pepsin concentrations in gastric juice are usually high, the procedure can bo 
considerably shortened without interfering with the validity of the test by performing only 
one step after incubation. In this short method, trichloroacetic acid is added after incubation 
and the supernatant fluid from centrifugation is counted. A blank of 1 ml. of iodinatod 
albumin brought to an equal volume serves as the control and the per cent activity is 
calculated from this. (Table I.) 


Table I. Cojiparison of Results op Detailed Method IVith Abbreviated Method 

DETAILED METHOD OP PEPSIN ASSAY 

WITH RADIOACTIVE lODINATED ALBUMIN 

ALTERNATIVE 

METHOD 

SAMPLE 

PER CENT 

ACTIVITY 

MG. PEPSIN/ML. 
GASTRIC JUICE 

PER CENT 
ACTIVITY 

(MG. PEPSIN/ML. 
GASTRIC JUICE) 

1 


0.85 



o 

42.4 

0.43 

43.5 

0.44 

3 

41.7 

0.43 

41.7 

0.43 

4 

23.5 

0.13 

23.5 

0.13 

5 

39.8 

0.38 

40.8 

0.39 

6 

15.3 

0.05 

15.3 

0.05 

7 

30.0 

0.19 

30.0 

0.19 

S 

48.9 

0.67 

50.2 

0.71 

9 

30.3 

0.19 

30.7 

0.20 

10 

39.6 

0.36 

39.3 

0.35 

11 

53.8 

0.88 

52.8 

0.84 

12 

41.5 

0.43 

43.2 

0.44 

13 

36.2 

0.27 

34.9 

0.25 

14 

60.3 

1.24 

60.3 

1.24 

15 

28.8 

0.18 

27.5 

0.17 


RESULTS 

This procedure as described using 1 ml. of gastric juice has been used in 
hundreds of determinations of pepsin in gastric juice samples obtained by routine 


‘Nutritional Biochemical Corporation, Cleveland, Ohio. 
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basal gastric analysis. A typical example of one such patient study is shomi in 
Table II. Some comparative values with the hemoglobin method on ‘ ‘ unknovms” 
of gastric juice are sliowu in Table III. 


Table III. Comfaeisox op Pepsix "Uxknowxs” bv Hemoglobix and Isotope Methods 


.VUilBER OP “UNKXOWX" ( HEMOGLOBIX METHOD 

1 1131 method 


1 0.05 mg. pepsin 

2 0.08 mg. pepsin 

3 0.10 mg. pepsin 

■1 0.75 mg. pepsin 

5 0.12 mg. pepsin 

O.Ot mg. pepsin 

0.06 mg. pepsin 

0.07 mg. pepsin 

0.79 mg. pepsin 

0.08 mg. pepsin 

Table 

rv. Increasing Sensitiwtv With Decbevse in 

Albumin Carrier 

Concentration of 6 Per Cent 

2.5 

MG. crude pepsin with varying aaioests 

OP 6 PER CENT ALBUillN CARRIER 

PER CENT 

ACTIVITV 


1.0 ml. 

33.7 

0,9 ml. 

34.4 

0.8 mt. 

39 .S 

0.6 ml. 

45.9 

0.5 ml. 

46.9 

0.3 ml. 

55.2 

0.1 ml. 

60.2 



Fig. 2.—InBuence of pH on peptic activity as fletermined by tlie isotope method. 


DISCUSSION 

Gastric juice usually has a high pepsin concentration which may not be 
appreciated clinically. The measured enzjmie activity in milligrams of pepsm 
of one cubic centimeter of gastric juice determined by the method desci’ibed and 
multiplied by volume provides an estimate of the total enzyme output in the 
15-minute sample being tested. Standardization of the pepsin curve used m 
this method is simple and values are read directly from percentage of aetiiit}. 
The procedure can be applied to any routine clinical gastric analysis sample. 
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Numbers 

SincD enzyme actmty in gastiic juice is in a concentiation that usually 
lequiies dilution of the juice for the hemoglobin luetliod, it is adiaiitageous to 
peifoun dotciminatioiis on an undiluted sample If mcieased sensituity of the 
test foi sinaUci amounts of pepsin compaiabic to the liemoglobni method is 
desued, this can be achieied by decieasing the concentiation of the boMiie 
albumin eaiiiei as shoun m Table IV 

The pH of gastiie juice m \no is found to laiy fiom time to time thiough- 
out the da> in tiactional samples and enzyme aetnity in such iiistancos \aiies 
uith this change in pH Adjusting to a constant pH, ]lo\^e^el, le^eals the 
potential peptic aetnity of the jiiicc being sampled Refcience to peptic 
actiMti at incioasiug pH as shown ni Pig 2 leveals peptic actniti at pH 
\ allies higher tlian 2 and as liigh as 3 5 to 4 A pH lange this higli neeessaiil> 
means the absence of fice acid lu the stomach, but this does not mean the com 
plete cessation of peptic acti\ ity in the stomach This may have some influence on 
tlie iicahng of peptic ulcei It has been repoited that pepsin is foimed from a 
solution of cicstallinc pepsinogen after meubation at a pH as liigh as 4 65,* 
and accoiding to Somcis,® it foims fiom jiepainogen at a pH of 5 1 An in 
vno pH of 3 01 highei, thciefoic, docs not totally eliminate peptic actmty 

Theic seems to be no clinically effective pepsin inhibitoi used in peptic 
uleei tlieiapy toda\ Reported suppiession of actmty js most piobablj due 
to an inciease in pH with some concomitant decrease in peptic actmty* Foi 
complete inhibition of peptic actmty by antacid management a constant gastiic 
pll abo\e 4G5 would seem to be nccessaiy Achievement of this high a gastiie 
pH is not the ease in the usual ulcei management employ ed today 

SUMM-UIY 

A simple method foi dnect measuiement of gastiie juice peptic activity is 
dcsciihed 

The pioceduie can bo used in all loutinc gastiie analysis samples and may 
be of clinical inteiest in piovidiug an estimate of total ga&tiic pepsin output 
Clinically significant peptic actmty maj be piesent m gastiie juice in the 
absence of fi ee acid 
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THE USE OF CHICKEN ANTISERUM FOR THE RAPID 
DETER]\nNATION OF PLASMA PROTEIN COjMPONBNTS 

11. The Assay of Hu.man Serum Orosomucoid 

j\IoRRis Goooman, Ph.D., David S. Ramsey, M.S , William L. Simpson, M.D., 
AND I\IlCH,AEL J. BrENNAN, J\I.D. 

Detroit, Mich. 

INTRODUCTION 

T he rapid turbidinietric procedures developed for the measurement 
of human serum albumin and gamma globulin by the use of chicken anti¬ 
sera^ have now been extended to the assay of a number of other human pro¬ 
teins. These include fibrinogen, transferrin, a beta lipoprotein, a heat labile 
alpha-2 glycoprotein of large molecular weight,- two small molecular weight al¬ 
pha-2 glycoproteins,^ and orosomucoid.'* A major effort has been devoted to 
the determination of orosomucoid whose serum levels are being followed 
serially in a large number of cancer patients. The orosomucoid-chicken aiiti- 
orosomucoid system was found to be a somewhat different immunochemical 
system than those previously studied.* The present paper describes the opti¬ 
mal conditions for carrying out the orosomucoid assay and compares the serum 
levels of orosomucoid in normal and cancer subjects. 

Orosomucoid* is a low molecular weight protein of acid isoelectric poinU ® 
which resists coagulation by heat and pi’ecipitation by acids such as sulfo- 
salicyclic or perchloric but which does precipitate in phosphotungstic acid. It 
is a major constituent of the “seromueoid” or serum “mucoprotein”” fraction 
and exhibits a xiolarographic wave. Serum mucoprotein concentrations, as 
estimated chemically, increase in a number of pathologic states and have been 
extensively investigated in cancer.®’ *"■*■* Orosomucoid, in contrast to the sero- 
mucoid fraction, is homogeneous both chemically®’ * and immunochemically’® 
and probably represents a single biologic entity. Consequently, it was felt 
that the specific measurement of orosomucoid might provide a more meaningful 
index for the eA’aluation of clinical state than the chemical estimation of a 
heterogeneous fraction.*® 

MATERIAL AND '5IETHODS 

Orosomucoid was prepared from fraction (Fr) Vlt of pooled human plasma b} a modi¬ 
fication of the method of AVeimei and associates.s In a typical preparative run 10 Gm. of 

From the Detroit Institute of Cancer Research and the Henry Ford Hospital. Detroit, 

Alich 

Supported in part hy institutional grants to the Detroit Institute of Cancer Besearen 
from the American Cancer Society. Inc . the American Cancer Society, Southeastern Michigan 
Division, and The Kresge Foundation 

Reeeited for publication May S, 1957 

•Synonyms for tins protein are M-1 protein- AIP-1 protein,” and acid glycoprotein' 
tThis fraction was generously provided to us by the Blood Products Section of the 
Alichigan Public Health Service, Lansing, Alich 
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l)Oi)liilizc<l Pr VI were dissoUnl m 100 ml ot disitilleil water Saturated SO, (4 1 

AI) was added to a concentration of 2 57 AT The precipitate was removed b\ centrifuga 
tion and the pll lowereil to 4 9 After overnight standing at 4® C the next precipitate was 
centrifuged off The pH was lowered to 3 7 and the SO, concentration to 2 05 M 

Tho new precipitate that termed after overnight standing at 4® C was removed Solid 
(\H,) SO, was then addeil to the ■'olution until full saturation was reached The pH was 
maintained at 3 7 After •'Cveral dajs standing at 4® C the crude orosoniucoid precipitate 
was recovered b\ centntugation The packed precipitate wis dis«-olved b\ the addition of 
27 ml of distilled water To the 45 ml of solution that resulted 7S ml of •^at (JsH,) SO, 
was added Ihe pH was adjusted to 4 0, and the precipitate that formed after overnight 
standing at 4® C was centrifuged off Ihi, pH ot the supern itant was lowerel to 3 7 Ihis 
timo the (NH,) SO, concentration was not reduced Processing was then camel through 
as lietore The final orO'Omucoid precipitate after rccoverv bv centntugation was dis 
solvel, exhaustive!} dialvzed against distillel water an 1 Ivophihrod to vneld J Gm of 
material The centntugation steps were all carried out in the cold at 8 (lOO to 12,009 r p m * 
Tho preparation had le^s than 1 per cent contaminants as determined bv antisera to albumin 
and to tho alpha 2 glvcoproteins of Fr \ I It was also homogeneous bv electrophoresis 
and ultraceutnfugatioii ami possesse 1 the expeett I phvsicoehemical constants t Orosomu 
coid preparatiooi, of less piiritv could he detected during the reci chng hi the greeni«h color 
ot the pH 3 7 supernatants Cautious fractional addition of sat (AH^) then suthced 
to !salt out the contaminants 

During tho current studies, 31 healthv hens, 0 to 12 months of age and of various 
breeds, undeiwont immunization Aiitibodv responses were quite variable bv each of the 
injection schedules followel The highest percentage of usable sera were produced bv a 
schcdulo in which each bird received intramuscularlv into 4 spots an injection of 200 mg 
of orosoniucoid will mixed with aluminum iivdroxide gel Ten davs later the blood was 
collectel and processed according to the procedure of 'tilberberg and associates' About 
30 per cent of the birds vielded negative serum Lfforts are continuing to find more effee 
tiTO iiijettiou procedures t 

ihe specificitv of each antiserum was evaluated bv carrving out flocculation rcac 
tions and Oudin tests' with Fr A I and its various components orosomucoid, albumin, and 
two purified alpha 2 gljcoprotcm prepirations $ V number of the Oudin tests were carried 
out in 13 per cent NaCI instead of S per cent Antisera reactel at 13 per cent NaCl were 
first incubated for 2 hour-* at 38® C after addition of the proper amount of XaCl The 
residual fibrinogen, having flocculated, was then removeil bv centrifugation Antisera that 
were completcl} specific lor orosomucoi I vicldu! onlv one band in the Oudin tests and 
onl} precipitated with Fr ^ I and oro oiiiucoid Potenev vvas estimated in a qualitativi 
manner bv noting the degree of flocculation when 1 ifl and 100 meg of orosomucoid in 0 1 
ml aliquots were mixed, rcspectivelv, with 02 ml portions of the antiserum dilution (1 to 
2 after processing) Anti-era showing comparable potencies and specificities were pooled 
together 

Biuret dcterminatious, emplov^ng the reagent of Cornall and is«!ociates,'9 were car 
ried out as previouslv described' Hcxosc and seromucoid determinatioua were perfonne 1 
according to methods outline! bv 5\inzler< 

RESULTS 

Cj^ect of NaCl ConcentraUon —The effects of XaCl coiicentiation on avian 
piccipitm sjbteiub have been intensivelj mvestigateclSpecific precipita 
tiou vvas found to mciease on laising the NaCl concentiation fiom 1 to 8 pei 

•V berval or hif>b speed heal "No S5a of the International proved convenient for this 
puriKjse 

tVVo are Indebtel to Dr Ivoirl Schmid for performing tin. electrophoretic and ultra 
centrifuge anal>zes of this preparation 

JProcedures employing combined inlermu«icul'ir (with adjuvant) and intravascular 
mjtctions appear to hold promise 

SThese were supplied to us by Dr Karl Schmid 
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cent Figs 1 and 2 dcmonstiate this to be the case Piecipitation failed to 
develop in 1 pei cent NaCl and was miitli less at 8 pei cent than at 12 oi 13 6 
per cent NaCl This was tiiic in the antibody evcess zone as well as the 
equualcnce and antigen excess zones 

At the high dilution of leactants omplo>ed in the nephelometnc method 
the salt effects were aLCentuated Aftei the initial incubation at 38° C the 
piecipitm leactions in 12 to 13 pei cent NaCl wcie essentnll> complete except 
in the fai antibody excess zone There increased tmbidity developed after 
overnight standing The slovvei lalc of piecipitation at small concentiations 
of oiosomucoid was moic maikcd in 8 pei cent XaCl than in 12 to 13 per cent 
and extended to laigei concentiations of the antigen Indeed, with half the 
quantity of antiscimm (see Fig 2, B) detectable precipitation in 8 pei cent 
NaCl only developed after overnight standing Tn 1 pei cent XaCl prccipita 
tion was insignificant even after 5 days incubation at 5° C 

Procedures for the Assay of Orosomucoid —Based on the above results the 
following orosomucoid assay method was set up with an antiserum (P 17)* 
exhibiting high potency and specificity A 0 5 ml of the antigen solution at 13 
pel cent NaCl was pipetted into a test tube Then 0 5 ml of a 3 5 dilution of 
P 17 adjusted to 13 per cent XaCl, was intioduced After 15 minutes incuba 
tion at 38° C, 4 7 ml of 14 per cent XaCl was added These two additions 
weie effected m each case with an appiopnate automatic Cornwall sjnnge to 
peuiut lapid mixing of the reagents The contents of the tube weie trans 
fened to a calibrated cuvette, and tiubiditj was icad in the Coleman model 7 
photonephelometei The standards varied liom 0 meg oiosomucoid to 25 
meg, the 0 tube providing the icagent blank upon which the instrument was 
set at zeio galv anometei units A 0 5 ml of 1 100 dilution of human serum in 
13 pet cent XaCl was chosen for sample assay This amount peimitted ready 
quantitation of the elevated orosomucoid values occuriing in ceitain path 
ologic states, noimal values falling on the lowci quarter of the calibration 
cuiwc The galv anometei units of tuibidit> of typical standard tube leaotions 
ue presented in column B of Table I 

An oiosomucoid assa> which lequired only one half to one third the 
amount of antiseiuiu used in the nephelometnc procedure was also worked out 
v\ith the Beckman DU spectrophotometert The reactions weie developed 
m 0 j ml V olume at 13 pci cent XaCl in 10 bj 75 mm test tubes After incuba 
tion at 38° C foi 1 houi, bj which time flocculation was complete, each roac 
tion tube was shaken aiul its contents tiansfciied to a nucroeell requiiing a 
minimum volume of 0 35 ml The tuibiditv as optical densitj units (OD) 
was lead against a icagent blank consisting of antiserum plus 13 per cent NaCl 
placed in a companion luiciocell The readings weic taken at 340 with the 
ultiaviolct souiee of light Undu these spcctiomctric conditions the largest 
tiuhiditv leadings could be obtained with the least interfeience fiom the pio- 
tun and hemoglobin contents of the reictioii mixtures Standaids were vaiied 

•A pool of -1 antisera of simUar charicteriitics eacli at tlie routine 1 2 dilution In if 
per cent NaCl 

t_ tWith other sensitUe laborator> ispictrophotometers such a'< the Bausch an I I oinh 
^Ptctronlc ‘*0 an 1 the LnUtrsal C‘>leiOin comi iniblc aas4> proc lures can t>e \NorkHj r it 
\Mth suitable microcells 
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from 0 to 12.5 meg. orosomucoid, and the readings at the top portion of the 
calibration curve were 0.400 to 0.500 O.D. units. The routine cpiantity of 
human serum chosen for assay was 0.002 ml. (either 0.1 ml. of a 1 ;50 dilution or 
0.2 ml. of a 1:100 dilution in 13 per cent NaCl). 


Table I. Effect of Volume axd Time on the Standard Tube Reactions Employed in 

THE Nephelometric AIethod 



[ 1 ML. INITIAL reaction VOLUME j 

5.7 ML. initial 



I B 

c 1 

REACTION VOEUME 

OROSOMUCOID 

7.5" 38° C. + 45" 

j 15" 38° c. + 45" 

30" 38° C. + 45" 

D 

(MCG.) 

i 25° C. 

25° C. 

25° C. 1 

00" 38° c. 


0 OOOOOO 0 


3.13 

4.0 

9 

13 

13 

14 

13 

3 

0.25 



21 

21.5 



17 

12.5 



40 

39 



36 

25.0 

61.0 

62 

63 

63 

63.5 

62.5 

54 


A = 0.5 ml. orosomucoid (at 13 per cent NaCl) + 0.5 ml. 3:5 P-17 (at 13 per cent 
NaCl) : incubate 7.5 min. 38° C., tlien add 4.7 mi. 11 per cent NaCl. 

B r:; 0.5 ml. orosomucoid (at 13 per cent NaCl) + 0.5 ml. 3:5 P-17 (at 13 per cent 
NaCl) ; incubate 15 min. 38° C., then add 1.7 ml. 11 per cent NaCl. 

C = 0.5 ml. orosomucoid (at 13 per cent NaCl) + 0.5ml. 3:5 P-17 (at 13 per cent 
NaCl) ; incubate 30 rain. 38° G., then add 4.7 ml. 11 per cent NaCl. 

D = 0.5 ml. orosomucoid (at 13 per cent NaCl) + 4.7 ml. 11 per cent NaCl + 0.5 nil, 
3:5 P-17 (at 13 per cent NaCl). 

During the past two years over 1,500 human sera have been assayed for 
orosomucoid. The above turbidimetric procedures have been employed in the 
assay of the last 800 samples. To help insure uniformity on going from one 
antiserum to the next, the orosomucoid value of a large pool of human serum 
from patients with elevated values was calculated by repeat analyzes with onr 
best reagents, a highly potent and specific antiorosomucoid serum (P-17) and 
a highly pure orosomucoid preparation (oroso 8). The calibrated serum pool 
(PCS) was divided into small vials and stored in a deep-freeze. As needed, 
portions have been thawed to provide standards for the orosomucoid assay. 

The calibration curves obtained by reacting P-17 with PCS and oroso 8 
were very similar, but not identical. As constructed from the orosomucoid 
value (250 mg. per cent) assigned to PCS, the curves intersected each other at 
their mid-portions. The divergence of the 2 curves was found in some cases to 
be more pronounced with other orosomucoid preparations and on reactmg 
different antisera. These data are illustrated in part by Fig. 3. It can be seen 
that oroso 16 afforded less precipitation on a comparable weight basis than 
oroso 8. Oroso 16 Avas prepared by extensive refractionation of a heterogene¬ 
ous preparation showing a Ioavcv salting out range in (NH 4 ) 2 S 04 solutions than 
oroso 8. The only contaminant detected immunochemically in oroso 16 Avas a 
trace of alpha-2 glycoprotein. 

Table II demonstrates tliat Avith PCS as the standard the same sample assaj 
Amines Avithin experimental error Avere obtained by the A-arious antiorosomu¬ 
coid sera employed. Some of these sera (e.g., P-30) lacked complete specificity 
and others (e.g., C-124) exhibited inhibition of precipitation in the far anti¬ 
body excess zone. The human serum samples could be stored for as long as 




Micrtgiint OfMOAvCorf 


Fig 3 —Compari 
body excess zone rea« 
curve Solid circle = 
0 3 ml Ab (1 2 52 C- 
0 3 ml. Ab (1 2 P-17) 
recorded In Beckman 




sera w Ith anti 
PCS calibration 

A, 0 2 ml Ag + 

B, 0 2 ml \g + 
‘action turbidities 




'The current turbldlmetric method was being evolved at the time that C-17 was em¬ 
ployed The standard, then, was made up from an individual calibrated cancer serum of 
nign orosomucold content. It served as the forerunner for PCS 

„ yielded a weak reaction with an alpha-2 gl>coproteln In addition to its strong 

reaction for orosomucold 

tThe determinations with C-12f. our most recent antiserum, were carried out almost 
a year after C-17 had been consumed in t^stine 

5(N) designates a sample from a normal donor. 
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10 months in the liquid state at -2° 0. \vithout apparent effect on the orosoniu- 
coid assay. The duplication error of the method was ± 9 pei’ cent in the hands 
of laboratory technicians. 

The reliabilitj" of the orosoniucoid assay was further investigated by add¬ 
ing known quantities of purified orosomucoid to solutions of other senim pro¬ 
teins. Tables III and IV demonstrate that the nonorosomueoid components of 
such mixtures in no way affected the immunochemical assay. On the other 
hand, by chemical estimation only 50 to 60 per cent of the added orosomucoid 
could be recovered due to its eopreeipitation in perchloric acid with the albu¬ 
min and gamma globulin. 


T..VBLE III. Effect op HoiiAX Sebum on Detebuination op Known Quantities 

OP Orosomucoid 








Volume SO 
Number S 


\bSAl OF HUM.VN SEBUM OROSOMUCOID 
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tiom hospital blood donois The cancel samples wexe fiom patients with van 
ous malignancies, mainly in advanced inoperable stages Serial determina 
tions have been pei formed on a numbei of these patients for months at a time, 
but foi puiposes of this paper only one value pei patient is recorded In each 



Mlftgrdint Pcrc*M Orotomuceid 

Fjff 4—Distribution of scrum orosomucold Ie\cls in normal adults and patients with 
malignancy 7-1 normals compared to 142 patients 


case the value uas the flist one detci mined on the patient during the time span 
eneompassed by leeeipt ot samples Z 715 to Z 1500 The oiosomueoid values 
in the iioimals langed from 37 mg pei cent to 145 mg pei cent with a mean 
of 76 mg pel cent and in the cancel group ranged from 68 mg pei cent to 390 
mg per cent with a mean of 177 mg per cent In spite of the wide range of 
values in the cancel scia, theie was a striking coriespondence between the in 
ei eased mean of oui senes and those repoited by various investigators for 
seium mucoprotein coneentiation ‘ “ This is to be expected since oroso¬ 

mucold IS the piincipal component icsponsible foi the chemical estimations 


Table V Comparison op Mucoprotein Content in Normal and Cancer Serum by 
Various Assat AIethods 


j 

NORMAL 

CVNCER 

RATIO 1 
c 

REFEBEVCE 

Immunologic orosomucold test* 

760±299t 

177 0±6 49t 

2 33 

Present experiments 

Polarographie filtrate testj 

10 

J4±0 03 

2 40 

Brdicka et al n 

Mucoprotein^ 

27±005 

61 + 013 

2 26 

\\inzler and Smythio 

Mucoprotemll 

136 5±3 93 

308 0 + 15 4 

2 25 

Lockey et al n 


•Milligram per cent orosomucold 
tStandard error 


tHecorded as rat.o g"' M a' ^ l enem ^ aarum 

mni v,a\c length for normal serum 

§Milligram per cent of tj rosine of the '•erum fraction soluble In perchloric acid but 
insoluble in phosphotungstic acid 

IIMiUlgram per cent of mucoprotein that scrum fraction solub’c in sulfosalicyclic acid 
out insoluble in phosphotungstic acid 


A coinpansou of tallies obtained by these different tests is presented m Table 
V Nine tuberculosis scium samples and 12 piegnancy samples weie also an- 
dljzed foi oiosomueoid content Tlieic weie elevated values in the tuber¬ 
culosis group, but 111 the picgnaney gioup orosmucoid was at iioimal concen 
tration This, too, is in accord with the results of chemical seium mucoprotein 
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estimation. It is well to note that the range and nonspecificity in seiaxm levels 
of orosomneoid and the chemical mucoprotein fractions are so great as to pre¬ 
clude their being of diagnostic value in cancer. 

DISCUSSION 

The current study represents an extension of our efforts to develop an in¬ 
clusive system for the quantitation of human plasma proteins by the use of 
chicken antisera. Pertinent to this objective has been the observation that at 
13 per cent NaCl far more potent reactions can be obtained with antiorosomu- 
coid serum than at 8 per cent NaCl. To varying degrees this high salt effect 
is manifested by all the chicken antiserum-antigen systems studied so far. The 
weaker or more dilute an antiserum the greater is the difference in precipita¬ 
tion between 13 and 8 per cent. Consequently, antisera in small supply such 
as we have produced to several alpha-2 gljmoproteins are now being stored 
and reacted at the higher salinity. 

The current work further substantiates our previous observation^ that 
certain antisera lacking complete specificity can be used to gather reliable 
data. For antiserums such as P-30 this may have been fortuitous in that the “un¬ 
wanted" antibodies were directed to a protein whose human serum concentra¬ 
tion appears to be very low.* However, our use of a calibrated pool of human 
serum as the assay standard may well have neutralized slight differences in 
reactivity between the various antiorosoraucoid sera. 

The mean serum concentration of orosomneoid in normals was found to 
be 76 mg. per cent. This value is lower than the 103 mg. per cent reported by 
Silberberg and associates^® and the 119 mg. per cent reported in our prelimi¬ 
nary studies.®® The orosomneoid preparations used as the assay standards in 
the earlier work may have been less pure or more altered in specificity than 
the orosomneoid used to calibrate PCS, the routine standard of the current 
study. Our value of 76 mg. per cent is in accord with the data gathered for 
the seromucoid or serum mucoprotein fz’action. De La Huerga and associates"® 
have established by a turbidimetric assay that the mean value for the chem¬ 
ical fraction in normal serum is 79.4 mg. per cent. This value corresponds to 
mean values for other groups of normals obtained by biuret,®^ tryrosine,®® and 
hexose^’ methods.! Upon adjusting for the estimated 30 per cent loss during 
perchloric acid precipitation,® the total normal serum mucoprotein concentra¬ 
tion can be con.sidered 113 mg. per cent, 67 per cent of which is orosomucoid. 
These results agree ndth the observed electrophoretic heterogeniety of seromu¬ 
coid*® in which its major component (MP-1) possesses the physicochemical prop¬ 
erties of orosomucoid. 

The specific immunochemical measurement of orosomucoid has greater accu¬ 
racy than the various serum mucoprotein assay methods. These latter have 
an inherent technical error in that the recoveiy of seromucoid is dependent 
on the concentration and type of proteins in the serum sample under assay. 

•This protein is concentrated in the Zn precipitable alpha-2 glycoprotein fraction 
characterized by Schmid.^ , 

tDe La Huerga and associates'^ discuss the correspondence of these various clienuc 
methods of assaying the serum mucoprotein fraction. 
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Bicakdown pioclucts of proteins can also occur iii the chemical fraction after 
stoiage of serum Fuithcimoie, the ielati%e distiibution of the components 
111 seromucoid may \aij according to the phjsiologic stimuli Mandel and 
associates^'’ ha^ e pointed out the uncertainty this introduces into the evalua 
tion of seiomucoid deteiminations In diseases such as malignancy and tuber 
eulosis, both oiosomueoid and seromucoid increase in concentration over nor 
nul Ie\els and show a compaiable spiead of values in randomly selected 
patients Yet the tuo measuies lua}- not necessarily parallel each othei in 
nidiMdual pitients subjected to Aaiious foims of ticatment Foi example 
Boiler® has icpoited that in some patients eoitisone administiation caused 
an incieasc in the total pioteiii of seiomucoid and a concomitant relative de 
ciease in the hexosamine of the finctioii Our own work^ indicates that in 
cancel tlie orosoniiicoid le\ el is not dneetlj affected per se bj coitisone or a num 
ber of othei theiapcutie compounds, but is affected by a gross change in the clnn 
cal state of the patient, incieasing with clinical deteiioiation and decieasing 
ivith clinical impro\cmcut That seiomucoid and orosomucoid le^els need not 
bo closely cou elated is also iiiducctly suggested on comparison of these meas 
lues to the piesence or absence in human sera of C Reactue Protein (CRP) 
Shetlar and associates^® haic claimed a close coi relation betiveen the elevation 
of seiomucoid conceiitiatioii and the appearance of CRP On the othei hand 
oui data (unpublished) has shown a numbci of samples in nhich orosomucoid 
coiicentiatioii w as ele\ ated and CRP absent The reverse was also found The 
possible diffeiGiicGs iii data gatheied bj the seiomucoid and the immunochemi¬ 
cal orosomucoid assay methods point to the need to analyze the constituents 
of sDium in tcims of discrete piolcm species The fluctuations m serum con 
centiation of such pioteins as oiosomucoid may provide a moie definitive 
chaiacterizatioii of the pioccsses operative in disease 

SUMMARY 

The measiuement of serum oiosomucoid concentiation by specific chicken 
aiitioiosomucoid seium has been demonstrated to be a practical laboratory 
method Rapid turbidimetnc procedures for assay were woiked out in 
which tho leactions were cairied out m 13 pei cent NaCl The choice of 
this high salinity lesulted fiom the obsci\ation that the effects of NaCl con 
centiation weie moie pionounccd m the chicken aiitioiosomucoid system than 
lu othei chicken autiseiuin systems The avciage seium oiosomucoid IcncI 
of noimal adults nas found to be 76 mg pei cent ± 2 99 (s e ) Alaiked in 
cieases of seium oiosomucoid conccntiatioii ueie often found in malignancy 
and theie nas also a nidcr laiige of Icicls than in noimal subjects The lelation 
ship of the oiosomucoid dcteimiiiatioii to \arious serum mucoproteni assay 
methods was discussed 
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THE GHEiHCAL ESTIMATION OF EPINEPHRINE AND 
NOREPINEPHRINE IN HUMAN AND CANINE PLASMA 

II A Critique ot ihe TB1H\DRO\\I^DOLE JIethod 
Hfnr\ L Price, M D ,* and jMuii L Price, A B 
PHILVDELPHIV, Pv 

INTRODUCTION 

T he Uhylenediammc eoiidensatiou method of Wcil Malhcibe and Boue^ and 
its modifications ha^e been evtensively used to estimate the concentiations 
of cpmephiiuc (E) and noicpincphiine (N) in plasma, blood, tissues, and 
mine Recently, it has been icpoited that this method is not sufficiently specific 
foi these purposes * ^ 

The tnhydroNymdole method of Lund^ is moie specific, but has been 
found to lack sufficient sensitivity to detect the extienicly low concentiations 
of E and N which noimally occui in huutan and canine plasma * ® 

In the ivoik to be repoited, means of increasing both the sensitivity and 
specificity of the tiihydroxyindole method ha^e been sought It has been 
found (1) that the quantities of E and N present in a mixtuie can be esti 
mated fluoromctucally latlicr than b> differential oxidation,* thereby reducing 
the volume of plasma needed foi analysis by one third, (2) that the fluoies 
ceiieo produced by E and N is mcieastd while that of ceitam mteifeimg sub 
stances is icduccd by adjusting the pH of the leaction pioducts, and (3) that 
the piecision of the deternunatious can be impioved by a new method of pie 
paiing blanks "With these modifications 0 001 ;i.g E oi 0 002 to 0 003 /zg N can 
be detected m plasma eluates Satisfactory lecovery of these quantities of E 
and N is demonstiated below, and the concentiations of these substances oc 
curring in normal human plasma aic estimated 

METHODS 

Blood samples are collected in syringes moistciie 1 with lieparm and are iced immcdi 
ately The plasma is. separated as soon as posi.ibIe by centrifuging the blood at 750 x g 
for 20 minutes Chromatography of the plasma is> completed within 3 hours after the blood 
I'i drawn 

A Alumina Column Chiomatogiaphy —Tlie colunius used consist of glass tubes 25 cm 
in Icngtli with an upper portion 5 cm long and 0 8 cm m diameter, a bulbous central part of 
30 ml capacity, and a lower portion 0 6 era in lusidc diameter and 10 cm long The bottom 
of tho tube IS crmipcd slightly to hold a gla'is wool plug which supports llie alumina Uith 
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the column lialf-iilled with distilled water and the glass wool plug in position, 1.0 Gm. of 
alumina’' is poured into the top of the column and allowed to settle. Trapped air is removed 
from the alumina by agitation with a glass rod introduced through the top of the column 
before settling is complete. The supernatant w'ater is forced through the column, using air 
pressure, until its level is just above that of the alumina. The alumina is washed with 5 
ml. of glass-distilled water, and is then ready for use. 

The plasma pH is adjusted to S.O ± 0.3 by swirling it in a beaker, causing loss of car- 
bou dioxide and increase in pH, after which it is poured onto the alumina column. The 
plasma is forced through at an even rate (1 to 2 ml./min.) by suitable adjustments of air 
pressure. When the plasma level has reached that of the top of the alumina, 5 ml. 0.2 N 
sodium acetate followed by o ml. glass-distilled water is forced through the column. Col¬ 
umns which have been allowed to run dry at any point before elution are discarded. The 
alumina is eluted with 6 ml. of 0.3 N acetic acid. Eluates are collected in glass-stoppered 
tubes, in which they may be frozen and stored for several weeks before analysis, without 
significant loss of E or N. 

B. Analysis of Eluates .—Merck reagent grade chemicals are used throughout, except 
as noted. The pH of each eluate fraction (2.0 to 3.0 ml.) to be analyzed is adjusted to G by 
drop-wise addition of 1 N sodium hydroxide after the addition of 0.04 per cent bromthymol 
blue indicator (Harleeo), and 1.0 ml, 1 N sodium acetate buffer (pH 7.6 to S.O). The cor¬ 
rect end point is indicated by the appearance of a persistent light-green color. Samples 
which become more alkaline, as indicated by the appearance of a persistent blue color, 
should be discarded. 


An eluate fraction is then run as a sample by adding 0.1 ml. of 0.25 per cent potassium 
ferricyanide solution, mixing, and allowing the mixture to stand 5 minutes. After this 0.10 
ml. of 2.0 per cent ascorbic acid is added, followed immediately by 0.9 ml. of 20 per cent 
.sodium hydro.xide. The mixture can then be diluted to standard volume (6 to 7 ml.) and 
read in a fluorometer, but for reasons to be discussed later, we routinely convert the pH of 
the mixture to approximately 5 by the addition of 2.0 ml. of 5 N' acetic acid 4 minutes after 
the addition of ascorbic acid and before diluting to final volume. 

A Hank is prepared from another equal fraction of the eluate after titrating it to 
pH 6. Ascorbic acid, followed by ferricyanide and sodium hydroxide are added in the 
same amounts used to prepare samples. Four minutes later the pH is brought to 5 by 
adding a N acetic acid as in the samples. 

Samples and blanks are read in a Farrand photofluorometer at equal times (7 and 10 
minutes) after the addition of sodium hydroxide. Light of two wave lengths (391 to 40S 
and 436 m/r) is used to excite the solution; the emission is read at 500 mp. The Alter com¬ 
binations used are: (exciting) 400 ra/t Farrand interference plus Wratten No. 35, and 
436 mp Farrand interference plus Wratten No. 35; and (emitting) 500 mp Farrand inter¬ 
ference plus Wratten No. 57. 

Standard additions of E and N (Sterling-Winthrop: 0.01 to 0.05 pg of base) are made 
to plasma eluates or to “blank” eluates prepared by running reagents only through alumina 
columns and eluting with acetic acid as described above. Additions made to reagent.s 
which have not been exposed to alumina are unacceptable for analytic purposes because the 
Auorescence observed per microgram of E and N and the ratios of Auorescence observed 
using the 400 and 436 nip primary Alters are modiAed b.v the presence of the acetic acid 
eluate of alumina. 

Calculations of E and N concentration are performed by comparing the Auore.scence 
obtained per microgram of added E and N with the net Auorescence (sample reading miuu.s 
blank reading) observed in the unknown. This procedure yields simultaneous equations 
which can be solved algebraically: 


Equation 1: F 400 = niE + nN , i 

Equation 2: P 436 = oE + pN, where F«« and Fiw are the net (sample minus blank) 
number of galvanometer divisions observed when the sample is excited by light of the two 


•Woelni. nonalkaline. Grade I, Alupharni Chemical Co., New Orleans, La. 
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wave length*', ui, u, o, and p art. tlio number of gaUanoinctcr di\ision& deflection per micro 
grain of E or N added to the standards, and E and N ire the jjuaiitities ot E and > present 
in tlie unknoun mixture 

fins method of anahsis rtiimrts, lor correctness, tiidt the fluoitsctiui, of a mixture 
equal the sum of tii it produced separately by the fluorescent subst inces present, and that 
fluorescence bo proportional to concentration Roth requiicments are met in the conccntia 
tion range tested 


Tvull I Fluoi{1.sci.\ci. ot H\dko\.\iiifn\l Compouvus 


SUBSTANCE 

1 ri\G“ 






1 Epmephrme 

B,- 

CHOHCH NH 

400 

1000 

85 0 



CH, 

436 

1000 

76 0 

PL Isopropylnorcpmephnuc 

B.- 

CHOHCH NH 

400 

72 0 

-- 



CH(CH,), 

436 

75 0 


1 NorepmepUnno 


CHOHCH NH, 

400 

85 0 

710 




436 

37 0 

27 0 

Three dl 3,4 dilijdroxyplienyl 

B. 

CHOHCHNH, 

400 

010 

0 08 

cenne 


1 






COOH 

436 

0 08 

0 08 

Erjthro dl 3,4 dihj dro\) phenyl 

B. 

CHOHCHNH 

400 

0 03 

0 01 

serine 


1 






COOH 

436 

0 01 

0 001 

PL Dopa 

R,- 

CH CHNH, 

400 

0 051 

50 



ioOH 

436 

0 002 

0 05 

Dopamine 

Dl 

CH,CH NH, 

400 

013 

014 




436 

0 04 

0 04 

3,4 Dlhydro^yphenyldCl,tlc ncid 

R,- 

CHjCOOH 

400 

0 004 

0 014 




436 

0 002 

(-)0 002 

3,4 DiliydroxyTumdehc ncid 

D, 

CHOHCOOH 

400 

(-)OOOl 





436 

(-)OOOl 

- 

5 Hydroxy try pt-imine (serotoiim) 

D 2 - 

3CHCHNH, 

400 

0 022 

on 




436 

0 027 

0 26 


•Ri zz 3 4 dllijdroxjTJhenjl R 4 = 5 li>droxyindole 


BESULTb 

1 Fluorescence of ITijihoxyphenyl Compounds ^—The fluoiescencc of cer¬ 
tain compounds which occui biologically and which might inteifeie with the 
method is lepoitcd in Table I All lesults aic expiessed m terms of the base 
01 acid, and aic lefeiied to the fluoiescencc of adienolutine (fluoiescent piod 
uct of epinephiine) at pH 5 Samples to be read at pH 5 weie acidified by the 
addition of 2 0 ml 5 N acetic acid 4 minutes after the addition of 20 per cent 

•We wish to thank Dr At L T linter Sterling Wlnthroji Research Institute for sup- 
pljang epinephrine norepinephrine and isopropyinorepinephrme Dr Richard Dahibom Astra 
supplying 3 4 dihyidroxyphenylacetic acid Dr M D Armstrong University of 
Utah lor supplying 3 4 dihydroxymandelic acid and Dr W G Clark Veterans AdmJnls 
tration Center Los Angeles 25 for suppisdng the dihydroxyphenylserines Dopa dopamine 
and serotonin were obtained from tlie California Foundation for Biochemical Research 
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sodium hydroxide. Blanks were prepared in an analogous manner. Each 
blank eluate contained an addition equal to that of the corresponding sample 
eluate. Additions of E, N, and isopropylnorepinephrine ranged between 0.02 
and 0.10 fig ; additions of the other substances varied from 50 to 100 pg. 

Conversion of the sample pH from 13 to 5 reduced the fluorescence of dopa, 
3,4-dihydroxyphenylaeetic acid, and 5-hydroxytryptamine, but increased that 
of E and N. This procedure also reduced the blank readings. However, ad- 
renolutine and noradrenolutine are unstable at pH 5, so that all readings must 
be made at a standard time after the addition of 20 per cent sodium hydroxide 
if the final pH is to be acid. In all subsequent analyses the pH has been ad¬ 
justed to 5, the samples read at 7 and 10 minutes after the addition of sodium 
hydroxide, and the results averaged. This applies whether an eluate fraction 
is treated as a sample or as a blank. 

2. Error of Fluorometric Separation of E and N. —Amounts ranging from 
0.002 to 0.02 fig E and 0.005 to 0.1 pg N were added to blank column eluates, 
analyzed by the method described, and compar’ed with eluates to which noth¬ 
ing had been added. The results are shown in Table H. Proportions ranging 
from 1:1 to 10 ;1 and amounts ranging from 0.1 to 0.002 fig could be separated 
fluorometrieallj’' with an average error of 4.6 per cent (range 0 to 14 per cent). 


Table II. Fluorometkic Separation of E and N 


MG ADDED 

MO RECOVERED 

PER CENT 

E 

1 N 

E 

N 

E 

1 N 

0.022 

0.044 

0.022 

0.042 

100 

96 

0.022 

0.044 

0.022 

0.044 

100 

100 

0.011 

0.099 

0.011 

0.090 

100 

91 

0.0035 

0.0055 

0.0063 

0.0058 

114 

105 

0.0055 

0.0555 

0.0054 

0.0579 

98 

104 

0.0022 

0.0022 

0.0020 

0.0020 

91 

91 


3. Eecovery of E and N by Alumina Column Chromatography. —Amounts 
of E ranging from 0.12 to 0.002 yg were added to twenty-four 15 ml. samples of 
human and canine plasma which were then chromatographed on alumina. 
These eluates were analyzed and compared with others obtained from plasma 
to which nothing had been added, and the recovery calculated. The mean 
recovery was 94.2 per cent, with standard deviations of 10.5 per cent at the 
upper half of the range and 26.5 per cent at the lower. Seventeen additions of 
N ranging from 0.1 to 0.006 yg were recovered to the extent of 86.3 per cent 
with a standard deviation of 6.7 per cent at the upper half of the range and 
20.2 per cent at the lower. There was no consistent difference between recov¬ 
eries from canine and human plasma. The increased variation in apparent re¬ 
covery observed when small additions are made to plasma is of the same order 
as the variation in replicates of a single sample, and thus probably represents 
the “background” variation in the analytic method which becomes apparent 
when low concentrations of E and X are analyzed rather than variation in the 
recovery from alumina. 
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4 Eialnation of Blanh ■? —Aitciial plasma fiom 4 noimal luiman \olunteeis 
and 2 dogs %\as allowed to stand at icfiigeiator tempeiatiue (4 to 7° C) foi 
4 to 5 weel«, and then chronutogiaphcd on alumina columns Bj this time more 
than 85 pei cent of the N added to small fi actions of the fiesh plasma had dis 
appealed 

Eluates of aged plasma weie piepaied as blanks bj two proccduies different 
fiom that desciibed in the ^lethod Oxidation of the eluatc at pH 6, followed 
addition of NaOH, with addition of ascoibic acid 4 minutes later resulted in 
erratic blanks whose fluoiescence occasionalK exceeded that of othei poitions of 
the same eluate winch had been tieatcd as samples Blanks prepared bv omitting 
the oxidation step (KjFcICN]^ not added) were consideiabU lower than samples 
prepared from the same eUiates 

For these leasoiis the technique outlined in the ^Method was used routinely 
to prcpaio blanlcs Fluoiescence was measured at pH 5 With this technique 
the diffeience between eluates ot aged plasma treated as blanks and samples was 
small Seven aged plasma samples aveiaged 0 023 /ug/L apparent E and 0 046 
pg/L apparent N In eluates picpaicd from icagents only, there was no appai 
ent E 01 N 

Tablv III Blvnk FruoRLSCExcB AS Pti Cent OP Tot\L 



The blank values obtained by the method desciibed aie proportional to the 
E and N content of the sample (Table III) Tlic explanation of this finding is 
that a small part of the E and N is changed, duiing adjustment of the pH to 
6 with sodium hydroxide, to substances which subsequently form adrenolutine 
and noiadrenolutine at higli pH The amount of noradrenolutme “preformed” 
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in the blanl^s is negligible (less than 5 pex‘ cent); tliat of adi’enolutine can be re¬ 
duced to about 15 to 20 per cent b 5 ’- careful titration with agitation. Too rapid 
titration or insufficiently'- thorough mixing during titration may jdeld blank 
values up to 40 per cent of the E present. 

The over-all recovery of E or N' equals the recovei-y from alumina multi¬ 
plied by the recovery during the titration and oxidation steps. For E this 
is 100 X 0.94 X 0.83 == 78 per cent, and for N is 100 x 0.86 x 0.97 -= 83 per cent. 
The apparent plasma concentrations of E and N reported below have not been 
coi-reeted for these losses. 

5. Standard Seuiation of a Single Determination. —Pour 30 ml. plasma 

samples were divided in half, and each fraction was separately chromato¬ 
graphed on an ahrmina column. Half of each eluate was treated as a sample, 
the other half as a blank. The standax-d deviation of a single determination 
was calculated as s.d. = where d is the difference in estimated concen- 

tratiojx between the duplicate analyses of each plasma sample, and n is the 
number of duplicates used in the calculation. The results were: s.d. of E 
detei-mination = 0.042 /ig/L. and of N = 0.13 /xg/L. 

6. Normal Plasma Concentrations of E and N in Man. —Thirty-milliliter 
blood samples were withdrawn from the brachial arteries or antecubital veins 
of 12 normal adults. In 7 cases the arterial and venous samples were with¬ 
drawn simultaneously. The subjects rested in the supine position during sam¬ 
pling and for 10 minutes before. All were liosjxital personnel (physicians, 
medical students, or nurses), and all appeared free from apprehension. The 
data are sho-wn in Table W. All concentrations are in terms of the bases, and 
are uneorrected for losses in reeovei-y which average approximately twenty per 
cent (paragraph 4). 


T.\bi,e IV, E^orji.xi, Rlasiia E and N Cokcentkations Estimated by the 
Tribydboxyinoole Method 





SOURCE OF S.VMRI,E 

dipferexce 

SUBJECTS 

brachial artery 

antecubital vein 


NO. 

AGE 

SEX 

E (Mg/L.) K 

e Ins/n.) X 


1 

25 

E 

0.00 

0.25 

0.05 

0.34 

(-)0.05 

(-)0.09 

o 

26 

M 

0.13 

0.18 

(-)O.OS 

0.25 

0.21 

(-)O.O- 

3 

23 

M 

(-)0.03 

(-)0.08 

0.06 

0.11 

(-)0.08 

(-)0.19 

4 

23 

E 

0.25 

0.25 

0.00 

0.46 

0.25 

(-)0.21 

5 

27 

F 

0.00 

0.35 

(-)O.OT 

0.43 

0.07 

(-)O.OS 

6 

23 

M 

0.18 

0.18 

0.18 

0.34 

0.00 

(-)O.IB 

7 

26 

E 

0.18 

0.26 

0.02 

0.58 

0.16 

(-)0.32 

8 

34 

M 

__ 


0.00 

O.IG 

_ 

— 

9 

24 

M 

0.09 

0.23 



_ 

— 

10 

30 

M 



(-)O.Ol 

0.19 

— 

-- 

11 

28 

M 


__ 

O.OI 

0.48 

_ 

— 

12 

24 

M 

_ 

— 

(-)O.Ol 

0.29 

— 

— 

Average 

0.10 ±0.10 

0.20 + 0.12 

0.01 + 0.07 

0.34 ± 0.15 






s.d. 

s.d. 

s.d. 

S.d. 




The levels of E in arterial plasma averaged 0.10 yg/L. and this concentra¬ 
tion was significantly greater than zero (p < 0 05). The concentration of E 
in venous plasma averaged 0.01 yg/L. and was insignificantly different from 
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zeio The aiteriovenous coiiceiitiation diffeieiice of E was positive oi zeio in 
5 of the 7 subjects from whom simultaneous samples were dra%\Ti, but a piob 
ably significant difference (016 /ig/L oi more) was obser\ed in onlj 3 cases, 
and the diffeience was statistically significant foi neithei the gioiip as a whole 
noi foi the A V group 

The levels of N in venous plasma consistently e\ceeded those in artciial 
plasma The diffeience m concentiatiou a\eiaged 014 ng/h in the gioiip as 
a whole and 0 16 /xg/L in the A V gioup The diffeience is statistieallj signifi 
cant (p < 0 01) foi the A V gioup, but not foi the gioup as a whole 

DISCUSSION 

A seiious limitation of chemical methods is that they do not establish the 
biologic activity of the substances estimated Unfoitiinatcly, the coneentia 
tioiis of E and N picscnt in human plasma aic too low to peimit estimation by 
the biologic assay methods cuirently employed Ilolzbauei and Vogt^ have 
shown the venous plasma of a single subject to contain less B and N than the 
niinimum conccntiations detectable by a sensitive biologic method, ic, less 
than 0 06 /xg/L E and 1 0 /xg/L N By the piesent (tiihydio\yindole) method 
the couccutiation of E in venous plasma is insignificantly diffeient from zcio 
uhile that of N is less than 0 6 /xg/L By the ctliylenediamiiie method concen 
tiatioiis of E lange fiom 0 1 to 1 3 iig/L and of N fiom 2 1 to 5 2 /xg/L in 
noimal human venous plasma’ the iC€'isoii foi the vaiiation in the lesults 
obtained is obscure In addition to E and N, the othylenediainine method is 
sensitive to the presence of dopamine, as well as to some of its supposed precui 
sois and metabolites,^ and probably to metabolites of N as well 

The tiihydroxyindolc method thcoictically detects only 3,4 dihydro\y 
phenyl compounds with a two carbon side chain, a terminal nitiogen, and an 
hydroxyl gioup substituted on the /3 carbon atom * Thus it should be insensi 
tive to any of the hydroxyphenyl compounds, other than E and N, which aic 
presently known to occur to an impoitant extent in man oi dog Isopropyl 
iiorepinephime, which could seiiously interfeic with the deteimination of E 
by the present method, may occur m the human adienal medulla, but only in 
trace amounts® Dopamine, which occurs in human urine, has been leported 
by von Euler and Flodmg’® to produce fluorescence equal to 3 pci cent of that 
of N by the trihydroxymdole method With the piesent technique, the fluores 
ceuce of dopamine is approximately 01 per cent of that of N (Table I) A 
partial explanation of the diffeience lies in oui exciting the samples at 400 m/t 
m addition to 436 ni/x, and in leading the samples at pH 5, both of which in 
Cl ease sensitivity foi N without appieeiably modifying that foi dopamine 
However, a large part of the greater specificity of the present method is unex 
plamed, and may be attributable to the optical system employed It may also 
bo pointed out that the fluorescences of seiotonm and dopa at pH 13 aie un 
duly high, and that measuring fluoicseenec at pH 5 causes a tenfold and a hun 
dred fold decrease, lespectively, ni sensitiiity foi these substances 
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The development of valid “blanlvs” for methods measuring endogenous 
substances is difficult. In the case where the substance analyzed is not nor¬ 
mally present in the body blanks consist simply of analyses made before or at 
a suitable interval after administration of the foreign substance. In the pres¬ 
ent ease, however, a theoretically ideal solution, in which the fluorescence de¬ 
veloped by alkalinizing adrenochrome and noradrenochrome^ is permitted to 
fall to zero by withholding ascorbic acid, appears inaceeptable since the 
"blanks" frequently give higher readings than the unknowns. Obviously 
some aspect of the blanking technique causes one or more constituents of the 
eluates to emit or transmit more light than iu the samples, and certainly the 
constituents concerned cannot be E or N. A large proportion of the "fluores- 
ceneo” i-ead by any fluoroineter appeai-s to result from reflected light (an 
empty euvette gives a high reading), suggesting that the measurements must 
be a mixture of fluorometry, eoloi’imetry, and nephelometry. In this circum¬ 
stance the selection of a "blank" is to some extent arbitrary, since different 
solutions, none of which is fluorescent, may produce different readings in a 
fluorometer. We have retained the present blanking technique because it appears 
to be the only alternative to the original method^ in which all constituents 
of the final mixture are present equally in samples and blanks. In the blanks, 
oxidation of E and N is prevented by the addition of ascorbic acid prior to the 
addition of ferricyanide, and consequently fluorescence does not develop when 
the mixture is made alkaline. A blanlung method omitting ferricyanide en¬ 
tirely should achieve the same purpose, but Ave have rejected it becairse read¬ 
ings obtained by this method are consistently loAver than Avhen ferricyanide is 
added to the blanks. This is true even in plasma which has been blanked by 
aging, indicating that ferricyanide contributes to the "fluorescence" meas¬ 
ured independently of its action on E or N. 

The method described may be sufficiently sensitive to detect evidence of 
the resting secretion of the adrenal medullae, i.e., the difference between nor¬ 
mal arterial plasma E concentrations and zero. This difference amounts to 
approximately 0.1 /ig/h- which has been calculated previously*^ to result from 
the secretion of 0.1 to 0.2 pg/min. E from the adrenal medullae. 

The significantly greater anteeubital venous than arterial concentration of 
N presumably reflects the secretion of this substance from sympathetic nerves 
supplying the forearm. Strrdies are planned to determine Avhether a signifi¬ 
cant arteriovenous concentration difference also exists in organs such as brain, 
heart, and liver. 

SUWilARY 

1. A fluorometric method has been described Avhich is capable of detecting 
as little as 1 hl/xg of epinephrine and 2 to 3 JiL/xg of norepinephrine. 

2. Of a series of biologically occurring substances of similar chemical struc¬ 
ture, only isopropylnoradrenaline interfered AAnth the detection of epinephrine 
or norepinephrine by this method. Isopropylnoradrenaline resembled epi¬ 
nephrine, but could be distinguished from norepinephrine. 
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Numbers 

3 The concentiations of epinephimc and noi epinephrine in noimal human 
aitenal plasma ^\ele estimated as 0 10 + 0 10 (s d ) and 0 20 ± 0 12 (s d ) micro 
grams pei litci, iespecti\ely 

•1 The concentiation of epmeplnmc in antecubital venous plasma ^vas 
louei, and that ot noiepinephrine liighei, than in aiteiiai plasma, the difference 
being statistically significant foi noi epinephimc but not foi epinephiine 
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THE EEFEUT OF PRIOIi CONTACT BETWEEN ACID CTTKATE 
DEXTROSE AND SODIUM IHUIIOCHHOMATB SOLUTIONS ON 
THE EFFICIENCY WITH WHICH CH> LABELS RED CELLS 

T. A. CuxNiNoii.vM, M.B., iM.R.C.B.E.,* E. it. :McGii«i, B.Sc., M.B., iI.R.O.P., 

AND W. E. ChKMlUsT, B.Se. 

Gl.vsgow, Scotland 


IXTUODUCITON 


S INCE Gray ami Sterling'* showed tliat luiinaii red cells contained about 20 
/ig per 100 nil. of eliroinium, Cr’*-labeled erythrocytes have been used to 
ineasure the bodj' red cell ina.ss and the in vivo red cell survival time. During 
o.xperiments in this deiiartment to determine the optimum conditions for the 
tagging of red cells with Cr^‘ it was accidentally observed that the admixture 
of sodium chromate (NajCr^‘0,) with an acid citrate dextrose (A.C.D.) 
solution before tiie addition of red cells (not after, as is the usual practice) 
led to comparatively poor labeling. 

As such a finding appeared to preclude the preparation of stock mixtures 
of A.C.l). and Xa-jOr^'O, solutions in anticipation of their use, a series of 
experiments was designed to elucidate the reaction involved. While this work 
was in progress Cooper and Owen* reported impaired Cr^‘ labeling of eryth¬ 
rocytes when Na-Cr''0, solution was mixed with either A.G.D. solution or 
citrated plasma prior to the addition of blood. In e.xplanation they postidated 
that “plasmatic reducing substances” converted the chromate to the chromic 
ion, which does not penetrate the red cell membrane but becomes bound to 
the plasma proteins. 

Our investigations confirm that, under certain circumstances, reduction 
of the chromate ion does occur. They suggest that a chromic-citrate complex 
forms so that the chromic ion docs not become bound to the plasma protein. 
The results aiipear to be of sufficient theoretical interest, as well as of enough 
practical importance to justify their publication. 


METHODS 

A preliminary experiment establisheil that, at normal hematocrit values, more ellieicnt 
labeling of red cells occurred in A.C.D. solution (1 part to 4 parts whole blood) than in 
saline suspension of red cells or when heparin was used as the anticoagulant (Fig. 1). 

At lower hematocrit values, however, poorer labeling occ\irred in A.G.D. solution than 
in saline (Fig. 2). 
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\Sith this* kno^vledge the experiments, -were designed using A C D. anticoagulant and 
blood from patients with normal hematocrit \alues Eight milliliters of i\ho]e blood or 
saline suspension of x. ashed red cells were added to 2 ml. of the A C D. solution, or of the 
other test fluids, mtli which 5 /ic of Crsi had been mixed for \arjing iieriods of time The 
mixtures were then incubated at 37® C for 15 minutes Thereafter, the red cells were 
separated by centrifugation tor 5 minutes at 2,000 rpni at a radius of 25 cm and were 
■washed once m normal '■aline. The red cells weio hemol>zeil b' saponin before their radio 
actiiity was assajed Radio.ictiMtj was measured in an EKCO liquid scintillation counter, 
connected with an EKCO autoscaler The '»ensitiMt'v ol the apparatUN for Cr'*' was approxi 
luately 14,000 c p m. per mieiacuna per 10 ml with a backgtouud of 75 c p m The uptake 
of Cr5i by the red cells was recorded bj expressing the radioactuiti ot the red cells as 
a percentage of the total radioactiMty ot the cells niul washings 

For the sake of bre\itj the essential details of the indiiidual experiments aie taken 
along •iMth their results 




Vie 1 I'lff 

Fig 1—Comparison of elllciency of labeling of red tells with Ci** in ACD (BP), 
saline, and heparin 

Pig. 2—Comparison of efllciency of labeling of red cells with Cr« at different hematocrit 
values 

RESULTS 

1. The Effect of Prior Contact Between Na^Cr^^Oi and A.C.D. Solution.— 
AVheu NaaCf'^^Oj wab left iii contact witU A.C.D solution befoie the addi¬ 
tion of blood, the labeling of the red cells was impaired. Fig 3 demonstrates 
that the longer the contact the gieater the deteuoration in labeling efficiency. 
It also shows that deteiioiation is moic lapid with A.C.D. (B.T.S *) solution 
than with A C D. (B P.t) solution 

2, The Effect of Variation in Concentiation of Sodium Gitiate. —Each of 5 
solutions of disodiuni citrate, the citrate conccutiation such that it varied from 
12 to 2.68 per cent after the addition of NaaCr^^Oi, was allowed to react for 

•A-CD (B.TS.) (Blood Transfusion Service) pH at 5 1 sodium acid citrate (2 per 
cent) and dextrose (3 per cent). 

This solution is sterilized by autoclaving 

tACD (BP) (British Phamiacopeal Formula) pH at 5 1 tnsodium citrate dih>drate 
(1 23 per cent), citric acid monohjdratc (0 46 per cent), and dextrose (2 5 per cent) 

These proportions ot trlsodlum citrate and citric acid yield in solution dlsodium hjdroccn 
citrate The citrate and dextrose solutions axe prepared and are autoclaved separately The 
final mixture Is resterihzed by Seitz filtration 
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l hour, fti all ot! these solutions, espeeially the more eoneentrated, labeling 
was impaired compared with controls in which the Cr"^ Avas added after the 
l)lood (Table I). 

3. The Efject <>j Ctlrule Eolulion of \unjin(j pll .—Equimolar solutions 
(0.0847 .M) of mono-, di-, and trisodium citrate of pU 4, 5.1, and 8, respectively, 
were allowed to react for 1 hour with the Xa-X’r^'O, solution. Labeling of the 
red cells was impaired in the more, acid .solutions (Table TI). 



Ei(f. 3.—Tho effect of prior contact between XaiCi~‘Oi and .V.C.D. solutions on the elllclcncy of 

labellti); of red cells with Cr“‘. 


T.tULK I. The EkEECT (JE \'A1!I.\TI0.S- is COSCE.STlt.tTIO.V or SoWf.M ClTli.VTE 0.\ THE 
Eekk'ie.ncv w L.\iiEi,i.N'(i Uep Oei,i,s With Cr^i 


roNCKXTJlATIOX OK 

cithate 

1 CEll CENT cr* HOUND TO RED CELLS 


KKIOU CONTACT lUrTWKKN Nl 

AND CITHATE 


( PER CENT) 

1 HOUR 1 

NIL 


1.2 

77 

99 


l.G 

79 

9 G 


2.0 

72 

95 


2.4 

65 

95 


2.6S 

49 

93 

- 


T.vui.e II. The Eeeect or V.vkiatiox is pH or Chti.vte Solutions on the Eeeiciency op 

Lahelisq Red Cells With Crti 


1 

SOLDTIO.N 

pU 

1 I'EK CE.S'T cr^' DOU.VD TO RED CELLS 

CHIOR CONTACT UETWEEN Na;Cr” 0 , 

.VXD CITRATE 

1 HOUR 1 

XIL 

Jloiiosodiuiu citrate 


CO 

87 

Disodium citrate 

5,1 

76 

89 

Trisodium citrate 

•S.O 

91 

93 


4. The Effect of Variation in Concentration of Dextrose .—Five solutions ot 
dextrose (unbuffered), of Avhicli the final concentration after the addition of 
Na 2 Cr ''*04 solution tvas 1.2 to 2.68 per cent, tvere allowed to react for 1 hour. 
They produced slight but consistent impairment of labeling compared with 
simultaneous controls (Table III). 
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Numbers 

5 The Effect of Dextrose SolnUons of Varying pH —Solutions of dextrose 
of 2 4 pei cent final concentration and pll of 2, 6, and 10 nere alloived to react 
with the Na 2 Cr ''’04 solution toi 19 liouis The pll of the mixture was adjusted 
to appiOMinately 7 befoie the addition ot led cells Control experiments for 
each pH wcic done with saline ui place ot dextiose The dextiose solutions 
diminished the ability ot the Ci-*' to label led cells This effect was most 
piououuced 111 acid solution Less pioiiouneed loss of labeling was obseiied 
111 the saline contiois (Table IV) 


Table III The Ei'iEcr oi Vvri\Tio\ m Concentration of Dextpose on Efficienct of 
Labeling Reu Cells With Cr-i 


CONCENTHATIOX j 

OF DEXTROSE 
(PEP CENT) j 

1 1 Ell CENT Ot cr’ BOUND TO RED CFLLS 

iRIORtONTVCl BLTWFEN NT Cr 

'0, NNDDEXTTOSE 

1 1 HOUR i 

NIL 

12 

87 

92 

1 6 

87 

92 

20 

87 

93 

24 

86 

91 

2 03 

84 

90 

Table IV The Effect oi Vakiatiov is pH o» Dextrose solutions on tub Efficibvcy of 

Lujelinq Red Cells With Cr*' Prior Contict Betufen 

Xt Cr* 0* vnd 


Dextrosi op 19 Hours 


pii OF DEXTROSE 

! I ER < ENT OF BOL N 0 To KFD CELLS 

SOLUTION 

! DEXTROSE 1 

SILINE CONTROL 

2 

0 

37 

C 

21 

91 

10 

65 

81 


»- - • tri'^odium citrAtc* 

i -e tri'i^dium cttr4U c dfytrose, 

<y - o dt'^odium ettmu, 

X- X di-'tfodium citnst^ S depetroae* 



Fig- i —r/ie effect of prior contact between "Va Cr®‘0« anU citrate solutions of pH 5 1 anj S 
with and without glucose on the efficiency of labeling of red cells with Ci** 


6 The Effect of Citiate Solutions With and ^Y^thout Glucose —Solutions of 
sodium citiate of pH 5 1 and 8, lespectively, were used, both with and without 
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3 pei* cent dextrose. 'When the Nii..Cr ''04 was left iu contact with these solu¬ 
tions, the ability of the Ci"'' to label red cells was impaired especially at the 
lower pir (Fi<(. 4). 'i’he longer the expo.sure the more noticeable was the effect 
■^s'hich was probably abso more oljvioiLs in the pre.sence of dextrose. 

7. The Effect of LUjht on the Itaiclion Between the Nd.Cr^'Oi and A.G.U. 
Solution.'!. —A.s eliromates have photoscusilive t>roperties, it was thought worth 
while to investigiile the (fffeet of light on the reaction between NaiCr‘0, and 
A.C.D. solution. 

>.'a..t'i-‘(), was added to A.C.D. (D.P.) solution and part of the mixture 
kept in the dark while, the renuuuder was exposed to the light of a 100 AVatt 
tungsten lamp at a distance of (i inehe.s. The temperature of both solutions 
wa.s eontrolietl at IS® C. by means of a eirulaling water bath. Assays of the 
labeling i)ower of these mixtures at intervals .showed that in the dark there 
wa.s little impairment in the linst 4 hours but in the light rapid toss occurred 
from the outset (Kig, 5), 



Hours. 

F!jj. j. —^The effect of IikIU oh tlio rc.'ictlon between Xn-Ci-^'Oi and .V.C.T>. solutions. 

8. 'The Effect of Autocloving A.C.D. Eolulion .—AVhen A.C.D. solution 
wa.s heated to 100° C. for 4 hours a yellow discoloration developed, indicative 
of early caramelization of the dextrose. The labeling power of Na-CF'Oi was 
imiiaircd very raiiidly w'hcn mixed with these solutions. (Table A*"). 


T.vulk V. The Efeect or Autocuvvixo A.C.D. Solutjoss ox the ErriciExcY or L.vnEi.ixo 

Keo CKt.LS With Or” 
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foi 4 liouis Any clixomic ions founed by leduction from chromate were then 
piecipitated by ammonia Caiiiei chiomic ions were provided to facilitate 
handling of the piecipitate and caiiici chiomatc to miuiniize the loss of un 
1 educed chromate due to adsoiption by the fine piecipitate The precipitate 
was sepaiated and ledissolved in HCl so that its ladioactivity could be esti 
mited The pieci])itation, along with tlie earner chiomic ion, of a proportion 
of the ladioactivity, which incicased with the passage of time and on e\posme 
to light, indicated that, nndci the conditions of this cvpeiinient, chromate was 
1 educed by dcxtiose (Tabic VI) 


Table YI Pehcentage op Crsi Ppfcuitatfd AVitii Curowic Tons Aptep Admixture op 
Na CroiQ, YiTii 3 Per Cent Devirose iv N/10 HCl 


DUK VTION OP CONTVGT between Na Cr 0 ^ 1 

SOLUTION ENPOSFl) IN 


VND 3 UP CENT DENTKOSE IN N /10 licl ( 

LIGUI ! 

DARK 

1 Hour 

3 S 

14 

4 Hours 

59 

31 


The foimation of coiuple\es between chiomic ions and citiate precluded 
the use of this method to study the reaction between Na and citiate 

solutions 01 foi that matter the use of the ion e\change resin technique 

Utwtcnltfid A.Cn AutocUved A C D 

“ Z III4 i 4 



fOO hoc JO0 too ^090 100 600 


Fig G—The effect of autoclaving ACD (BP) solution on the rate at ^\hich it reacts 
with 1 per cent IvjCrO* solution Curves 1 2 and 3 are the transmission spectra of freshly 
prepared mixtures of A C D (BP) solution with 1 per cent KsCrO« i per cent CriCSOi)* 
ana 0 5 per cent KjCrOi plus 0 5 per cent Cr«(S04)i Curve 4 is the transmission spectrum 
?i A KaCrOi solution mixed with A-C D (BP) solution after 11 days exposure to 

light Curve 5 is the same for a similar mixture kept in the dark for 11 da>s 

Instead a spectrophotoiuetnc analysis was made of im-vtuies of 1 pei cent 
K C 1 O 4 with acid dextiosc (N/10 HCl), ACD (BP), cittie acid, mono 
sodium citiate, and disodium citiate solutions The same method was used to 
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study tile reactioa betwecu K,CrO-j and A.C.D. (B.P.) solution, and between 
K:;CrO, and 3 per eent dextrose in 2 per cent acid citrate solution, before and 
after autoelaviiifi;. 

Solutions which contain cliromic ions liavo an absorption band maximal 
between 570 and 580 mp. An absorption band in this position developed in 
the test solutions except in the mixtures with disodium citrate where little or 
no reaction was observed. The absorption band became more intense with 
time, the change bcinj' more rapid in solutions exposed to light. 'When solu¬ 
tions containing dextrose were autoclaved, the appearance of the absorption 
band was more rapid tiian in identical solutions which were not autoclaved 
(Pig'. 0). 

D1.SGUS.SIOX 

With the standard techniiiue used in our department excellent labeling 
of red cells occurs. Pour parts of whole blood are mixed with 1 part of 
A.C.D. .solution and Xa-..Cr^‘0, is then atlded. The mixture is incubated at 
37° C. for 15 minute.s. Provided that the hematocrit is 40 per cent or more 
approximately 90 per cent of the Cr’* is tidccn up by the red cells. In saline 
suspensions of red cells, even when the hematocrit of the mixture is as low as 
20 per eent, etiually good labeling occurs. Cooper and Owen* reported similar 
efficient labeling in A.f!.D, solution with blood of normal hematocrit values. 
They also noted diminution of the labeling efficiency as the hematocrit fell. 
They observed that labeling with Cr‘* never reaches 100 per cent, a finding 
which they attributed to the conversion, by “])lasmatic reducing substances" 
of a small amount of the chromate ion to the cationic cliromic state, in which 
they considered it would become bound to the plasma protein. 

The details of tlicir experiments, in which they studied the I'cduced ef- 
fieieney in labeling red cells when the chromate solution was premixed with 
plasma, .show that the Cr"‘ was ex])osed not to plasma only but to a plasma- 
eitrate-dextro.se mixture, lu the light of our ex])encnce it would appear that 
at least jiarl of the otYeet tiiey observed could be attributed to the citrate- 
dexti'ose mixture rather than to the plasma. 

The impaired labeling in A.C.D. solution of blood samples with low 
hematocrit values is probably due to the fact that under these conditions the 
chance is reduced of a chromate ion entering a red cell and becoming bound 
there before being affected by the citrate-dextrose in the suspending solution. 
In saline suspensions of red cells, where no component of the suspending solu¬ 
tion is capable of reacting with the chromate ion, a very large proportion of 
these ions will enter the red cells even when these are widely spaced in anemic 
blood. 

Our experience indicates that the blood of anemic patients can be eft’ec- 
tively labeled in three ways. The hematocrit may be ad,justed to 40 or more 
by the removal of some of the plasma, or the cells may be washed and sus¬ 
pended in saline before the addition of the Na.A'r"' 04 . Finally a larger dose of 
Na..Cr'^‘0^ may be added to the anemic blood, to allow for less efficient labeling, 
and the surplus radioactivity removed by washing the cells after incubation. 
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The accident'll obsenation that admivtuie of NaaCi-'^Oi "with ACD 
solution befoie the addition of icd cells imght lead to comparatively poor 
labeling is amply confumed in the expeiimcnts designed to elucidate this find 
ing They show that a ^alHty of mlhieiices maj impair the ability of the 
chi ornate ion to cntci icd cells The labeling powci of Na->Ci '0* is adversely 
aftected by decic ising the pll of the solution, b> mcieasing the citiate concen 
tiation, and to a Icssei c\tent by iiicieases m concentiation of dextrose 
Whatevei the natuic oi tno leaetion iinohed, it is acceleiated by exposing 
the reaction mixture to light Impaiimcnt occuis moie lapidly with ACD 
(B T S) solution than with ACD (BP) solution The concentrations 
of both citiate and dcxtiosc aic gicatci in ACD (B T S ) solution than iii 
ACD (BP) solution, and these differences aic probably of significance 
The methods of steiilizing these solutions also differ in detail Autoclaving 
dextrose solution tends to cause caiamehzation with an inciease in its reduc 
mg piopertics The components of both ACD prepaiations are autoclaved 
but It would appeal tliat the technique used by the B T S laboratory causes 
moie caiamehzation Wc have demonstrated that ACD (BP) solution 
IS also capable of causing vciy lapid detenoration in the labeling power of 
Na 2 Ci ”04 if Msible caiamclization is pioduccd in it by heating to 100® C for 
4 houis 

Anionic chiomium lu the foiiu of Na 2 Ci ''’04 has a maiked affinity for red 
cells and in the tiacei amounts used m labeling techniques, undei optimum 
conditions, it is almost ciitiiely taken np by the led cells Cationic chiomium 
in the form oi Cr'Clg, on the other hand, enteis the red cells only in negligible 
amounts if it does so at all Thus reduction of the chiomate to the chiomic 
ion, as suggested by Coojioi and Owen* offeis a simple but probable explana 
tion foi the changes in Na Ci '''04 when it is mixed with ACD befoie the 
addition of red cells Evidence that icduction of chiomate to chromic ions 
by acid dcxtiosc does occui was obtained both by tracer techniques and by 
spectiophotometnc analysis of mixtures of acid dextrose with ICgCrO* 

The foimatioii of complexes between chromic ions and citiates piecludes 
the use of the moie direct methods of detecting the conversion of chromate 
to chromic ions, such as piecipitation oi trapping by an ion exchange resin 
to study the icaction between Na-»Cr'''04 and citiate solutions Howevei, the 
spectrophotomotiic analysis of mixtuics of citiate and chromate solutions 
leveals, in time the development of an absoiption band between 570 and 580 
iii/x, this IS of similar coiifiguiation to that found in the test solutions to which 
chiomic ions have been added The rate of development of this band appeals 
to be influenced by the same factors as those which affect the labeling power 
of chromate Thus it appears more rapidly m acid solutions exposed to the 
light and when the ACD solution has been paitially caiamelized by heat 
mg Theie is a discicpancy in the case of disodium citiate which proved mac 
tive against 1 pei cent K-CiOj in the spectiophotometnc study, whereas in the 
tiacei experiments it was almost as active as ACD solution m redueing the 
labeling powei of chiomate This may well be explained by the buffenng 
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autioii ol I per cent K.;G'rO< solution which is probably sufficient to raise the 
pll of the (lisixliuin citrate .solution to a value at which tiic reaction is very 
.slow. The ci'itieul value for this purpose would appear to be about pH 6. At 
lower values a )>roportiou of the ehroinato is converted to the nioi'e active 
dichroniate and chromic acid. 

The difficulty which we experienced in measuring' tiie proportion of chro¬ 
mate ion reiluced to the cationic state in citrate solutions raises the que-stion of 
whether the bioloi'ic iiehavior of the chromic-citrate complex may differ from 
that of the free chromic imj wliich, as previotisl.v mentioned, becomes bound to 
the plasma i)roteins. l^ilot experiments have Imcn carried out to clarify this 
question. .Scrum was incuimted with chromic chloride or with chromate, the 
power of which to label red cells hud been dcstroycti by contact with A.G.D. 
solution. Electrophoretic anuly.sis of the serum showed that the ehroniie 
chloride and the reduced ehromate behave differently. Cliromie chloride 
moves witli the jn-oteins. ehietly the albumin fraction, whereas the "reduced 
chromate" migrates very rapidly towards the anode, lieliaving as a free anion. 
Comparison of the behavior of chromic chloride and "reduced ehromate" in 
vivo would 1)0 of interest. 


COXCLUSIOXS 

Our studies have shed light on the change that oeem-s in the ehromate ion 
when solutions of XiijGr'O, and A.G.D. are mixed. There is good evidence 
that the ehromate ion is reduced to the chromic -state so that it can no longer 
enter the red cells, as suggested by Cooper and Owen.- Our investigations 
also suggest tiuit a chromie-citrute complex forms, the biologic beha\*ior of 
wiiich is as yet uidiuown. 1‘ilot electrophoretic studies show that ehi'Omie 
chloride and tlic ehromic-eitratc complex behave dilferently in vitro. The 
former moves with the proteins, whereas the bitter migrates rapidly towards 
the anode. 

Our experience suggests that it is not possible to keep stock mixtures of 
A.G.D. and NaA'r'’'Oi solutions for more than 4 hours, if efficient labeling is 
to bo maintained. Even this period of preuiixing is po.ssiblo only if the A.G.D. 
sohitiou is not sterilized by autoclaving, and the mixture is not exposed to 
strong light. 

SU3IAIAUY 

Prior admixture of Xa..Cr^‘0, and A.G.D. solutions, which would enable 
a solxition of A.G.D. labeled with to be maintained for Ciiiergeney use, 
impaii-s the ability of Cr’‘ to tag red cells. 

.The effect is more obvious with A.G.D. (B.T.S.) than with A.C.D, 
(B.P.) solutioix. 

Labeling is adversely affected by the duration of prior mixing before the 
addition of red cells, by decreasing the pH of the solutions, by increasing the 
concentration of citrate and dextrose, by exposing the A.C.D and XajCri’Oj 
mixture to light, and by autoclaving the dextrose solutions. 
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Iiiqiuiy into the iiatuie of the change ■\\hich occuis in the Na 2 Ci ®*04 has 
established that the cluomate is leduecd to the chromic ion The “leduced 
chiomate” foims a him complex with citidte and does not become bound to the 
plasma piotein as does the free chiomic ion Evidence is presented to show 
that it is not possible to keep a solution of A C D labeled with Ci'"^ and mam 
tain eificicnt labeling foi nioie than 4 hours 

Wo wish to e\pri.N3 our thinks to Professor L J Da\i3 for Ins advico and criticisms 
Vto are grateful for tlio help of Dr BlU, Department of Clitmistr^, Glasgow Umvcrsit), and 
Dr Crawford, Ro^al College of bticiico and Tecliiiolog>, Glas,;ou, witli whom ue discussed the 
cln.niical aspects of the investig itions 

The r'ldiochromuim is supplied by the Regional Physio Centre, Glasgow, Scotlinl 
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ABSTRACTS 


1. CO.^[PARISOx\ OP THE IXPLPKXCE OP OPERATIVE TRAUMA AX^D 
XUTRITIOXAL IMAXAOEJIEXT OX JIETABOLIC ALTERATIONS 


WiLUAji E. Aiinorr. IM.D., IIakvkv Iviukgeij, !M.D. (Bv Ixvitatiox), and 
Stanley Levey, Ph.D, (By Invitation), Cijcvkland, Ohio 

In previous studios on patients of tiie .same sox undergoing a gastrectomy 
it was noted that by providing adequate amounts of nitrogen, calorics, electro¬ 
lytes, and lluids, postoperative abnormalities in tlie metabolism of sodium, 
nitrogen, and potassium as well as loss of l)ody weiglit could be minimized or 
negated. In order to eliminate the olYcct of variations resulting from different 
ages and states of nutrition and to a.sse.ss the eff'eet of operative stre.ss versus 
diet, the following st^^dies were carried out. Tlie metabolic clianges resulting 
from a 3-day control period of intravenous feeding were compared with altera¬ 
tions occurring follo\ving cholecystectomy when the patients were maintained 
on tlie same intravenous regimen as that given during the control period. Tea 
women were studied, all of whom underwent a cholecysteetoniy. Three were 
maintained solel}’ on a 5 per cent dextrose .solution in water during the control 
and 3-day postoperative period. Three additional subjects received a com¬ 
parable regimen plus approximately 90 nxEq. of both sodium and potassium. 
A third group of 4 women were given the latter regimen plus a 5 per cent 
protein hydrolysate. The daily excretion of urinary 17-hydroxycorticoids were 
within the normal range for Ixoth the control and oral repletion period. On 
the day of operation and the next two days there was an increase in excretion 
of the 17-hydroxycortieoids (50 to 300 per cent of tlie control value). 

It may be concluded from the results obtained that while there was some 
variation from patient to patient in the metabolic alterations of the two periods 
the changes noted rvere lai'gely due to the nutritional regimen employed and to a 
lesser degree to the stress of operation. Similar studies with another group of 
patients indicate that postopei-ative complications (hemorrhage, fever, etc.) or 
severe trauma in men evokes a greater metabolic response than that occurring m 
these women who underwent a cholecystectomy. 
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2. RELATIONSHIP BETWEEN A RANGE OF TISSUE TE:MPERATURE 
AND LOCAL OXYGEN CONSUilPTION IN THE 
RESTING FOREARil 

D. I. Abrasison, it.D., A. KLuin (Bv Invitation), S. Tuck, Jr., B.S. 

(By Invitation), G. A. Turman, ^LD. (By Inmtation), H. Rejal, 

B.S. (By Inmtation), .vnd C. J. Fleischer, ^LD. (By Invit.vtion), 
Chicago, III. 

With the introduction of hypothermia in surgery interest has been revived 
in the effects of temperature on tissue metabolism. Although work ha.s been 
performed in the past on in vitro muscle slices and on the entire organism, the 
effects of changes in temperature on the oxygen consumption of specific tissues 
in ^nvo have not been reported. Such a study was attempted in the present 
investigation, involving 21 experiments on 13 normal subjects. 

In each instance blood flow in the forearm was obtained using the venous 
occlusion plethysmograph, with the limb being exposed consecutively to water 
at 45*^, 32°, and 17° G- Oxj'gcn content of samples of blood, collected at each 
bath temperature from veins draining the tissues under study, was determined 
•witli the Van Slj'ke manomctric method. Skin, subcutaneous tissue, and muscle 
temperatures were also recorded at each bath temperature, using thermocouples. 
From the data <?n Wood fiou* and oxygen determination, o.vj'gen consumption 
of the tissues of the forearm (except hone) was calculated. 

At an average tissue temperature of 39.9° C. (produced by a bath 
temperature of 45° C.), the average oxygen consumption was 0.332 ml./min./lOO 
ml. limb volume. At an average tissue temperature of 34.5° C. (produced by 
a hath temperature of 32° C.), the average oxygen consumption was 0.173 ml. 
At an average tissue temperature of 24.0° C. (produced by a bath temperature 
of 17° C.), the average oxygen consumption was 0.071 ml. 

A statistical analysis of the variations of oxygen consumption as related 
to average tissue temperature revealed an ovenvhelmingly significant difference 
in the readings obtained at the three bath temperatures. 

Therefore it was concluded that exposure of the tissues of the forearm to 
local heat produced a definite rise in oxygen consumption, while cold had the 
opposite effect. The Qm of the oxygen consumption rate was found to have a 
mean value of 2.5. 

3. EX0PHTHAL:M011ETRY IN GRAVES' DISEASE 
A Twenty-yelvr Study 
Willard B^uiti^ett, Jr., iI.D., St. Louis, ^Io. 

Exophthabnometric measurements are reported on 75 patients treated for 
Graves’ disease since 1936. The average period of serial observations is 11 
years, the shortest is 2 years, and the longest is 20 years. 

Analysis of Data on Proptosis. —(1) No characteristic change accompanied 
the uniform metabolic improvement during preoperative treatment. (2) Be¬ 
tween Preoperative and early (4 months) postoperative measurements, decrease 
occurred in 10 per cent. (3) Between either preoperative or early postoperative 
measurement and the final observation, decrease occurred in 16 per cent, increase 



790 


CENTRAL SOCIETY FOR CLINICAL RESEARCH J. Ul,. d Clin. McJ. 

November, 1957 


in 74 per cent. (4) The range of final measurements in 59 instances reveals 
proptosis of 18 mm. or lc.ss (bilateral) in 15 per cent, of 20 mm. or less in 27 
per cent. ^ (5) In serial observations on 46 postoperative patients of constant 
therapeutic regimens, variation of proptosis of as little as 1 mm. was seen in 
only 2 patients, regardless of metabolic status. 

Comment .—Individuals wlio have had Grave.s’ disease show a wider varia¬ 
tion of proptosis from time to time than do others. Cosmetic improvement 
rcfiecLs only narrowing of the jialpebral fi.s.sure. Postoperative hypothyroidism 
is accompanied by exaggeration of the msual increase in i)roptosis, and this is 
prevented or reversed by adccpiate thyroid dosage, as .stated by Kucdeniann 
(1931) and the author (1932), even in early “malignant’' exophthalmos. 

These data do not .support the views that there is a correlation bctw'cen 
increase of proptosis and cither the rapidity (Soley) or the amount (Dobyns) 
of reduction of metabolism. 

Undoubtedly, many orbital decompressions have been performed without 
knowledge of an alternative. In this scries, 5 patients with “malignant” 
exophthalmos have been seen and 4 have jireviously been cared for, none re¬ 
quiring orbital decompression since 1930. 

Desiccated thyroid in small doses is being employed late in the preoperatiye 
regimen and is promptly increased after operation to maintenance dosage. Chil¬ 
dren are treated exactly as arc adults. The author continues to reject the dictum 
that thyroidectomy should be avoided in the patient with severe exophthalmos 
and mild h.ypcrthyroidism. 

Menstrual histories of 50 patients in this .series suggest strongly that 
menstruation persists to a higher age in women who have had Graves’ disea.se 
tiian in others. 

4. PULMONARY FUNCTION IN OBESE PERSONS 

George N. Bedell, M.D. (Bv Invit.vtion), William R. Wilson, IM.D. (By 
Invitation), and Paul M. Seeboiim, il.D,, Iow'a City', Iowa 

Numerous medical reports have appeared calling attention to a syndrome 
of obesity, arterial hypoxemia, alveolar hypoventilation, and polycythemia. This 
study was undertaken to demonstrate (1) the frequency of this syndrome in 
extremely obese persons, and (2) the mechanism of hypoxemia. Pulmonary 
function studies have been done in 22 obese persons and 14 of these have been 
restudied following w’eight loss. 

Tlie patients are divided into 2 groujis dejiending on arterial oxygen 
saturation at rest. Twelve patients (average w'cight 300 pounds) with normal 
saturation w^erc put in Group I. These patients had normal lung volumes; 
mean minute volume of ventilation of 9.9 L., mean alveolar ventilation of 6.3 L., 
mean physiologic dead space of 215 ml., sliglitly uneven distribution of inspired 
air, mean maximal breathing capacity (MBC) of 86 per cent of predicted nor¬ 
mal; mean maximal expiratory How rate (MEPR) of 209 L./min., mean 
maximal inspiratory flow rate (5IIPR) of 154 L./min., and normal diffusion. 
Five patients restudied after a mean loss of 54 pounds had an increase in mean 
expiratoi'y reserve volume (BRV) from 64 per cent to 106 per cent, increase 
in mean MBC from 76 per cent to 91 per cent, increase in mean ilEPR from 
ISO L./min. to 199 L./min., and IMIPR from 170 L./min. to 194 L./min. 

Ten obese patients (average weight 315 pounds) with arterial hj^poxemia 
compose Group II. Nine of the 10 had clinical or laboratory evidence ot lung 
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disease One patient liad aiteiial hjpovemia (90 2 pei cent) and no evidence 
of lung disease Following u eight i eduction some of these patients had im 
pro^ed pulmonary function 

"We conclude that in most obese peisoiis hypovemia is secondaiy to lung 
disease and not caused by obesity alone Obesity in peisons with noinial lungs 
causes a deciease in ERV, IIBC, JICPR, and i\nPR, but is partly ie\eisiblc 
b> M eight 1 eduction 

5 OBSERVATIONS ON POTASSIUai REQUIREaiENTS IN MAN 

WiLiiiiM B Bevn, MD, \nd Roberp Hodges, MD (By Invitvtion), 
lowv City, Iowv 

Theie aie no long teiiu studies of potassium lequuements iii man Often 
it IS stated that any natuial diet has enough iiotassium In lecent expeiiments 
on pantothenic acid metabolism, 6 iioimal young men weie maintained on a 
puiified, partly synthetic diet containing 800 mg of potassium a day evpiessed 
as potassium ions Three of the 6 leccncd an additional giam of potassium 
chloiide dailj One patient nith added potassium and one without nere gnen 
only the standaid diet and a standard Mtamin and mmeial supplement An 
othei pan had the same regimen but pantothenic acid i\as lemovcd, and the 
remaining pair had laige doses of a pantothenic acid antagonist omegamethyl 
acid The expeiimen\a\ peiiod oi 10 weehs ioUowed a 4 week 
contiol period Theie was a similar iccoicn peiiod The uiinaiy cxcietion 
of potassium fell lapidlv in all subicets on tlie expeiimental diet and became 
steady at a lower level aftei two neeks, laiiguig fiom 10 to 20 mEq a daj On 
many occasions the seium potassium of those nitliout supplements fell below 
oiu lowei limit of noimal but symptoms of hypokalemia did not appeal Seium 
potassium remained just at oi below the lowei limits of noimal In each sub 
ject with supplemental potassium, the uiinaiy lc\els weie a little highei and the 
blood le\els within the noimal langc Though theie was a slight use in blood 
CO 2 , alkalosis did not develop 

These obser\ations indicate tliat an intake of 800 mg of potassium ions is 
about tlic minimal daih lequuement and tliat an additional gram a day is 
adequate, and perhaps ample 

6 METABOLIC EFFECTS OF HUMAN AND MONKEY GROWTH 

HOBaiONE IN MAN 

Delbert M Bergenstal, MD , Herbert A Lubs, MD (B\ Invitation), Lois 
P Hillman (By Invitition), JimesPvtien, JID (Bi Invitition), Herbert 

J Levine, MD (By Invitvtion), vnd C II Li, MD (By Invitvtion), 
Bethesdv, Md 

Giowth hoimone piepaied fiom human and monkey pituitaiy glands by 
C H Li has been shown to haie diffeiences in chemical structure and physical 
properties from that piepared from beef pituitary glands These giowth 
hoimone piepaiations weie admmisteicd to 3 patients under metabolic balance 
conditions At dose levels fiom 2 5 to 10 mg a day, maiked metabolic effects 
were observed including positive intiogen, pliosplioiTis balances, and altered 
electioljte balances By use of iiitiavenous glucose insulin tolerance tests a 
definite insulin lesistanee was observed One patient with persistent lactation 
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demonstrated a marked increase in lactation during growtli hormone administra¬ 
tion. A comparative study of monkey and Imman growth hormone was made 
in a li\*popituitary jjatient wliieli .showed greater activity of the human prepara¬ 
tion tlian the monkey preparation. The details of the metabolic balance results 
will bo presented. There was no evidence of adrenocortical stimulation and 
only slight thyroid stimulation by these hormones, ^[easurement of amino- 
polysaccharides in the urine in a hypophysectomized patient with chondro¬ 
sarcoma resulted in an increase of this material in the urine during growth 
hormone administration and this pi’obably retleets a stimulation of the forma¬ 
tion of mucopoly.saeeharklcs by the tumor since cartilage tis.suc is e.\tremely 
.sensitive to growth hormone. 'I'lie relationships of the differences in structure 
between beef and human growth hormone in reference to its metabolic activity 
will be discussed. 


7. AN ATHYUOTTC iMOTlIEH WITH TWO CRETINOUS CHILDREN 


WITH THYROID GLANDS 


WiLLi.vn H. Bkieii\v.\ltc.s, !M.D., E. A. Caku, Jr., il.D. (By Ixvit.vtiox), V. N. 
Dodson, M.D. (By Ixvit.vtiox), G. H. Lowkey, JI.D. (By Ixvrr.mox), A. II. 
WuEELEK, Pii.D. (By Ixvit.vtiox), .vxd N. Seafeoud, A.B, (By Ixvit.vtiox), 

Axx Akuou, JIich. 

iMost cretins are athyrotic and their mothcix are euthyroid. The cause of 
thyroid defects resulting in cretinism is unknown. To our knowledge, no one 
has reported sibling cretins with thyroid gland.s born to an athyrotic mother, 
nor has anyone suggested that cretins might acipiire thyroid damage from 
maternal or fetal thyroid autoantibodie.s. 

A clinically hypothyroid 2()-ycar-old mother and lier 3-year-okl and 2-ycar- 
old cretins were studied. The mother’s 1-, 2-, 5-, and 24-hour thyi'oid I’“ up¬ 
takes, all lujder 3 per cent, the scintiscan of her neck, and her B.3I.R. of 
-32 per cent were compatible with total absence of thyroid gland. She regulm'fy 
had taken 90 to 192 mg. of thyroid per day throughout both pregnanei^. Hje 
cretins, at University Hospital before 6 months of age, had demonstrated elawic 
physical and roentgenogra])hie stigmata of cretinism, hypothyroid uptakis, 
and a classic response to the subsequent administration of desiccated thyioi . 
Off thyroid for 6 wecles, the children both attained normal ujitakes 
the 1- to 5-hour intervals but subnormal 24-hour uptakes. Tiie 3-year-ol 
demonstrated an elevated PBI“* at 24 hours, and the 2-year-oId a high noriua 
PBI and low normal serum cholesterol. Paper chromatography of serum 
after I”i demonstrated significant quantities of thyroxine in both ermin^ 
triiodothyronine in the younger and no diiodotyrosinc in either. Prccipi i 
and complement fixation tests of the sera of this mother and these children an 
of 11 other mothers of 11 other proved cretins^ 6 weeks to 13 years of age i< 
not demonstrated human thyroid antoantibodies to date. We buw, h9"®'^i’ 
demonstrated high human thyi'oid autoantibody titers in human 
struma, and we have demonstrably ‘'immunized” rabbits to Jiuman t 
antigen. . 

These findings suggest that: (1) cretinism in the human is not a ^siuc oi 
alow level of maternal thyroid hormone; (2) a child may be born , 

mal” but too little thyroid gland to maintain adequate body 
(3) there is no proof, to date, that thp’oid antoantibodies of mother oi 
are the cause of thyroid defects of cretinism. 
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S OBSERVATIONS ON INTRINSIC FACTOR AND THE INTESTINAL 
ABSORPTION OP VITAMIN 

'NVillum R Best, MD , John H Prensteb, MD (By Iwitvtion), \.nd 
Mvrvin M Zolot, MD (By Inmtvtion), Chicago, III 

Bi'>Co‘’‘^ can be absoibed when placed by tube mtli intiinsic factor con 
centiatc (IFC) m the stomach, duodenum (best absorption), jejunum, or ileum 
(Fed Pioc 16 353, 1957) A patient uith pernicious anemia had 8 9 pei cent 
24 houi uimaiy excretion uhen 10 /ig BiaCo**® was gnen with 10 U S P unit 
irC bj tube into the pioximal ileum followed by 10 mg Bj- parenterally 
Peak excietion of 105 pei cent/lu oceuticd at 8 to 10 horns, the same time 
as aftei oial administration Thus, the mam delay in transport of Bjt from 
stomach to blood stream %s not due to intestinal transit time, but must be ) elated 
to mucosal cell processes When B 12 C 0 ®® was similarly gnen into the mid 
jejunum witliout IFC, only 0 6 per cent was excreted, confiiming that piotection 
of Bi 2 fiom imctnating foices high in the intestine is not the mode of IFC 
action 

Another PA patient reecned 0 5 unit IFC with 10 /ig B, Co*^® and 100 ml 
thin barium tluougli a tube just pioximal to a balloon obstiuctnig the uppei 
jejunum One milligram of B 12 was given paienteially at 0, 12, and 24 liours 
The balloon was released at 12 liouis (matciial was letamed in duodenum and 
proximal jejunum by \ ray) Twenty one hundicdths per cent BisCo®*’ was 
excieted durmg the fiist, 015 per cent during the second, and 0 27 pei cent 
duimg the third 12 hour periods The same mixtuie orally with the same 
injections gave 3 9 per cent during the fiist, 8 2 per cent during the second 
and 2 6 pei cent during the tliiid 12 houi periods Barium was in tlie teiminal 
ileum and colon by 12 houis Thus vitamin Btz cannot he absorbed by the 
upper small bowel, and, as a matter of fact, IFC activity is desUoyed by too 
long a sojurii theie 

Cellulai enzymes undoubtedly act (witli IFC Iielp) m the tianspoit of 
Bi 2 from gut lumen into circulation Caibomc anhydiase might conceivably be 
involved Two hundied fifty milligrams acetazolamide (Diamox) was given 
every 8 houis foi 3 days to 2 patients with pernicious anemia Schilling tests 
using 1 unit IFC in one patient and 0 5 unit lu the other gave 13 8 pei cent 
and 10 5 pei cent excretions, lespectivcly before, and 16 7 pei cent and 10 5 
per cent on the third day of acetazolamide administration Thus, caibomc 
anhydrase is not implicated 

9 ELECTROPHORETIC STUDIES OF THE SERUM PROTEINS IN 
ACTIVE ULCERATIVE COLITIS 

Richvrd 0 Bicks, ]MD (By Invityiion), Jo^ph B Kirsner, !MD, vnd 
Walter L P ilvieb, M D , Chic vgo III 

The serum protems were studied serially by filtei papei electrophoiesis in 
23 patients ivith active ulceiative colitis Foi comparison, noimal mdividuals 
and patients with iheumatoid arthritis, systemic lupus erythematosus, ciiihosis 
of the liver, multiple myeloma, nontropical spiue, regional ileitis, and healed 
ulcerative colitis were studied similarly 

The piotein paitition in active ulcerative colitis followed two cliaractciistic 
patterns, most commonly, hypoalbuminemia and elevations of alpha 2 and 
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gaiTima globulin (15 patients); less frequently, liypoalbumiuemia and elevation 
of alplui-2 globulin only (8 patients). The first pattern has been described in 
collagen diseases and resembles that observed in patients with rheumatoid 
arthritis, selerodei’ma, and systemic lupus. 

The effect of standard medical treatment, often su])plemented with cortico¬ 
tropin or adrenal steroids, upon the electrophoretic patterns also was studied 
serially. The clinical response in those patients with an elevated gamma glob¬ 
ulin was prompt; the electrophoretic response was delayed but eventually the 
pattern became normal. In two })atients “T” globulins ^\’ere seen but these 
disappeared with steroid therapy; the clinical response to steroids in these 
cases was dramatic. In the second group, i.e., hypoalbuminemia with elevated 
alpha-2 only, steroids were considerably less effective; large amounts were 
reejuired to achieve any clinical response and complications of such therapy 
were more frequent. 

Steroids do not intlucnce antibody formation but they interfere with anti- 
gen-autibodj' reactions of the hypersensitivity tyjjc. The I’csponse to steroids 
in ulcerative colitis and the accompanying return of the abnormal protein 
patterns toward normal are in accord with the coueejjt of a hypersensitivity 
mechanism in active ulcerative colitis. Electrophoretic patterns of the serum 
proteins apparently help to select patients who will respond to steroids and 
thus provide a more rational basis for their use. The "T” globulins found in 
two patients suggest that an immunologic meclianism also may be involved in 
the pathogenesis of the di.scasc. 

10. THE GENETIC IMECHANIS.^I OP IDIOPATHIC HWERLH^EJIIA 

Joseph D. Boggs, HLD., D.vvjo Yi-Yuxg IIslv, JI.D., Ron.rsD P. iLvis, ILD., .vnd 
J onK A. BiGLEtt, iM.D., Chic.vgo, Ii.t. 

(Imtkoduced uy R.xuui Dolk-vrt, JI.D.) 

The propositus, a 9-ycar-old girl of Puerto Rican origin, was first seen 
because of multiple xanthomata. Subsequently, she developed pi’ecordial pain, 
and died suddenly from cardiac complications. Oji post-mortem examination, 
there was atherosclerosis involving the endocardium and the medium- and large- 
.sized arteries, including the blood vessels of the brain. Death was due to 
ocelirsion of the coronary vessels and infarction of the myocardium. 

Serum samples were obtained from all members of the immediate fainily 
on two separate occasions. These were analyzed for total lipids, phospliolipids, 
cholesterol, and cholesterol esters. In addition, tlie serum proteins and lipo¬ 
proteins were separated by paper electrophoresis. The following changes were 
found: (1) In addition to the propositus, two asymptomatic siblings were found 
to have all of the characteristic changes of idiopathic hyperlipemia. (2) Both 
parents and two additional siblings showed elevations of total and esterified 
eholesterols. (3) The three aft’eeted children showed a virtual absence of the 
alpha liproprotcins, suggesting that the basic defect in the disease process lies 
in an inability to convert beta liproprotcins to alpha lipoproteins. This could 
possibly occur because of a genetically determined enzjune deficiency. 
bright blue hue is present over the beta lipoprotein in all three aft’ected enu- 
di'cn. (5) An abnormal fluorescent, narrow band is seen over the beta globulin 
area in two affected children and under the gamma globulin area in the third 

child. . . . t a ‘f 

It is generally agreed that a recessive mode of inlieritance is siiggestea ii 
the following criteria are present: (1) The presence of the condition in siblmgs, 
but not among ancestral or collatei'al relations. This has been shoivn m tne 



PEOCEEDINGS OP THE THIRTIETH ANNU VL MEETING 


795 


piescnt pedigiee (2) If the condition is piesent in monozj gotic, but not in 
dizjgotic tMins This could not be tested in the piesent family (3) If theie 
IS a histoiy of consanguinity in the family Tlie parents of this family aie 
fii-st cousins (4) If the heteiozjgous caiiieis of the abnoimal gene are 
detectable bt means of laboiatoiy tests Tins has been shown m this family 
This indicates that idiopathie hjpeilipcmia should be classified among the 
“inboiii eiiois of metabolism’’ and tlie condition appeals to be tiansmitted by 
a lecessne gene 

11 ACID MUCOPOLYSACCHARIDES IN PLEURAL, PERICARDIAL, 
AND ASCITIC FLUIDS 

Alfred Jat Bollet, MD, Miriv W Serv\dvrun, PhD (By Invitition), 
iND IViLLUM F Simpson, M S (B\ Kmtition), Detroit, Mich 

Polyseiositis is a fiequent oeeuiiciice in systemic connectiie tissue diseases 
Since conneotiie tissue is ehaiacterized by a high content of acid mucopoly- 
sacchaiides, it iias decided to dctciminc wliethei tliese substances are piesent in 
effusions in seious cavities Plcuial, peiicaidial, and ascitic fluid from 14 
patients uas studied, and found to contain acid mucopoljsaechaiide The con 
ccntiation langed fiom 44 to 1,470 /ig pel cent, measured as uronic acid by the 
caibazole motliod The highest letcls ucic obseiicd in a pleural and a pen 
cardial fluid fiom two patients tilth systemic lupus eiythematosus, and aseitic 
fluid fiom a patient tilth caicinomatosis In geneial, the loiiest letels tvere 
found Ill fluid fiom patients tilth congestiie heait failuie and ciiihosis of the 
lit 01 Follotting incubation tilth testiculai hvaluionidase, acid mucopolysac 
chaiide could no longei bo detected bj the methods used 

Chiomatogiaphio studies of the acid mucopoltsacchaiide isolated from 
setcial fluids, using a pi opanol phosphate buffei sistcm, letealed the piesence 
of tiio components staining metaehiomatieallv One spot had the mobility of 
ehondioitin sulfate and hepaiin, tthieli aie not sepaiated by this solient The 
second spot lemained at the oiigiii, as did samples of hyaliiionio aeid All 
the fluid evamnied iii this fasliion shotted the same tiio components Plasma 
samples obtained fiom these patients as ttell as mant othei inditiduals hate 
revealed the piesence of components tilth the chiomatogiaphic mobility of 
ehondioitin sulfate and liepaiiii, but none icsemblmg hyalinonic acid In 
addition, the he\osTmine isolated fiom acid mucopoljsacchaiide of ascitic fluid 
was found to consist of 58 pei cent glucosaniiiic and 42 per cent galactosamine, 
tvheieas that fiom plasma contained manilv galaetosamine Hjaluionic aeid has 
been lepoited to be piesent in iclatitelj high concentiatioii in fluid fiom a 
patient tilth mesothelioma of the plenia 

It IS concluded fiom this data that at least one acid mucopoljsacchaiide 
present in pleuial, peiicaidia, and ascitic fluid is dented fiom the lining 
meinhiane of these seious cavities Chioinatogiapliie studies and the lelatively 
high glucosamine content suggest that it is htaluionie acid 

12 THE USE OF A SALINE CONDUCTIVITY METHOD FOR THE 

determination op cardiac shunts by the indicator 

DILUTION TECHNIQUE 

Richard W Booth, MD (By Invitvtion), Joseph M Ryan, MD, and 
RlOH^tRD S GoODtVIN, MS (By iNtTTtTION), COLUMBUS, OhIO 

The indicatoi dilution technique is an accepted method foi the detcimina- 
tion of the site and tjpo of caidiovasculai shunting The most commoiilj 
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employed iiidicatov lias been Evans blue witli tlie dye curves being recorded 
photometricaliy. 

A new metbod bas been developed i'or this teebnique, ntilizing tbe principle 
of a saline induced increase in blood electrical conductivity. The indicator, 
5 per cent saline, Is injected into different sites in tbe riglit heart during cardiac 
catheterization and the dilution curves arc obtained from .sy.stemic arterial blood 
dravm tbrougb tbe conductivity cell, wbicb is a bollow plastic cylinder with 
two imbedded platinum electrodes. The remaining instrumentation consists of 
a simple modification of any commonly used carrier amplifier plus a standard 
recorder. 

This metbod lias been used successfully in 21 patients with congenital 
heart disease, 12 of whom bad shunts. Its validity b.as been cstablLsbed by; 
(1) simultaneous comparison with dye curves, (21 catheterization data, (3) 
cardiac surgery, and (4) autopsy. Rcprc.sentative curves from 4 patients will 
be shown as follows; (1) a pulmonic stenosis without shunting, (2) an Eisen- 
mengcr complex with a rigbt-to-loft shunt where simultaneous dye and con¬ 
ductivity curves showed identical contours and time bases, (3) a" ventricular 
septal defect Avhere four curves, one from the pulmonary arteiy and three from 
the right ventricle showed bidirectional but predominately left-to-riglit shunting, 
and (4) a tetralogy of Fallot with a curve from the right ventricle showing a 
right-to-left shunt. 

The method retains the desirable feature of the Evans blue technique in 
that the curve is immediately available. It po.s.ses.scs, in addition, the following 
advantages; (1) determinations can be made as frequently as desired Iiecauso 
there is no appreciable accumulation of indicator resulting in increased back¬ 
ground in the blood; (2) saline does not discolor the patient; (3) saline does 
not interfere with cuvette oximetry as Evans blue doc.s; therefore, curves can 
be obtained at any time during cardiac catheterization; and (4) most of the 
necessary instrumentation is accomplished by the simple and inexpensive modi¬ 
fication of commonly used amplifiei'-recording systems. 

13. THE FUNCTIONAL CAPACITY OP PERSISTING NEPHRONS IN 
experimentally INDUCED CHRONIC BRIGHT’S DISEASE 

Neal S. Bricicek, ]\I.D., Herbert Lubowitz (By Innttation), Rich-vrd R. 
DEUfEY, M.D. (By Invitation), James S. Stokes, M.D. (By In\ttation)i 
Donald Y. Goldm.vn (By Invitation), St. Louis, Mo. 

The conteirtion is widely held that the kidney with chronic Bright's disease 
is no longer a “true” kidney in that its constituent nephrons are disorganized 
functionally as well as morphologically. Using a method previously described, 
permanent imilateral renal disease has been induced in dogs. All damaged 
nephrons are thereby confined to one kidney. Comparison of the simultaneous 
functions of both kidneys under a variety of experimental conditions has allowed 
examination of the integrity of the persisting nephrons in the altered kidney. 

^Yithin two to four months after the experimental procedure (perfusion of 
the anoxic kidney with 2,6-dimethylaminopurine-3-amino-d-ribose, diverting 
renal venous blood to prevent recirculation), the involved kidneys become 
contracted, often to one-fourth their oiuginal size. Clinically, the animals re¬ 
main healthy and develop neither hypertension nor progressive anemia. 
tologically, the diseased kidneys show sclerosis of glomeruli, dilation, and 
atrophy of tubules and fibrosis. Intact kidneys have remained normal. 

Functionally (GPR, ERPP, Tm^AH, and Tm^iucose), the diseased Iddneys 
show marked and persistent impairment, indistinguishable from contracted 
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kidneys of human Bright’s disease. After an initial increase, the normal kid¬ 
neys remain at approximately control levels of function. 

Consistency of clearance values (after stabilization) for prolonged periods 
plus comparabilitj’ of values for Cct/Cpah, Ccr/Tnip^n and Ccr/Tmgiucose between 
the two kidneys, support the validity of clearance techniques in studying the 
diseased kidneys. These same data attest to the integrity of the persisting 
nephrons in the contracted kidney. Thus the volume of glomerular filtrate per 
unit of effective renal plasma flow and glomenilotubular balance (Ccr/TmpAH 
and Ccr/Tmgiucose) have remained equal bilaterally although 6T balance changed 
in both kidneys after induction of unilateral lesions such that GFR per nephron 
increased. This suggests that functioning nephrons in both normal and diseased 
Iddneys adapt to a decrease in total nephron population by increasing GPR. 
The hypothesis that this is the major adaptive change occurring in the con¬ 
tracted kidney is currently being evaluated. 

It is concluded that nephrons in the contracted kidney are reduced in 
number but possess normal functional characteristics. 

14. THE COLLATERAL CIRCULATION IN CORONARY HEART 
DISEASE: ^^BBNIGN” or “JIALIGNANT”? 

Bern.vbd L. Bbopman, JI.D., Clevel.vnd, Ohio 

{Ji^TRODVCEQ BY KlRRY OOLDDLATT, 3J.D.) 

In view of the absence of any obligate correlation between the location and 
e.xtent of the occlusive process in the coronary arteries and the clinical- 
pathologic consequences thereof, our comprehension of fundamental patho¬ 
physiologic relationships in this disease has particularly suffered from a natural 
(and profound) reluctance (for fear of untoward reactions) to perform such 
vital studies in patients with clinical coronary heart disease. Consequently, 
a priori reasoning and empirical concepts abound. 

This presentation is based upon a unique opportunity for direct hemo- 
d^amic and metabolic observations on the heart in more than 300 patients 
with clinical evidence of coronary heart disease operated upon by Dr. Claude 
Beck. A large control group was provided by over 500 patients undergoing 
thoracic surgery for other than coronary heart disease. In these studies, direct 
insertion of a catheter into the coronary sinus (or a suitable coronary vein) per¬ 
mitted serial determinations of the myocardial extraction coefficient ( ) for 

A 

O 2 and various other substrates. Prom these studies has emerged a more or 
less unexpected observation: Generally, there was no definite increase in 
oxygen extraction, as would be anticipated a priori in patients with coronary 
heart disease; on the contrary, particularly in patients with extensive myo¬ 
cardial scarring, there was a significant decrease {increased coronary venous 
O 2 content). Tliis apparently paradoxical situation is further confirmed by 
experimental, clinical, and anatomic observations, and should stimulate a 
critical reappraisal of many empirical and old “established” concepts in coro¬ 
nary heart disease. With adequate collaterals to provide imiform distribution via 
a final common pathway for the ubiquitous red blood cell, the integrity of the 
myocardium may be maintained almost indefinitely despite multiple complete 
coronary artery occlusions. However achieved, intercoronary anastomoses in 
advance of the occlusive process are truly beneficial; the extensive collaterals 
resulting from coronary occlusion and myocardial infarction are not necessarily 



7<)S 


CENTUAL SOriKTV EOH CDMCAL llKSEAHCll 


J. Lai). & Clin. 
NoscmLcr, 1957 


so, and niaj' acUially be deletevioius in that tl\ey encourage peidusion of a lo\r- 
resistanco scar. This preferential How then de})rives adjacent viable myo- 
eardium of critically needed blood. 

15. LEVELS OP ANTIBODY AGAINST DENVER A'-19oT AND 
ASIAN-1957 INFLUENZA VIllUSBS IN IILAIAN AND 
ANIMAL SERA IN AN AREA NOT YET INVOLVED 
IN AN EPIDEillC OFTBREAIC 

G. 0. Broun*, 3I.D., Ro.se Rjta ScnsiiOT, M.S. (By In'vit.vtion), and 

Sb. M. Laureen IIakkis, S.S.M., B.S, (By Ixm’A'noN*), Sr. Louis, Mo. 

Observation of the incidence of influenza in t!ie area of St. Louis, Mo., in the 
pa.s) 14 years by clinical and laboratory sUwiies iveriiiifs an evaluation of cfiangcs 
in antibody levels occurring in the population in reecnt months. Studies of 
paired sera, culture of throat \vashing.s, examination of sera of infants, and of 
serum pools collected according to date of birth give evidence eoucerning the 
prevalenee of recently isolated strains of influenza virus in this area. 

There is evidenee that an A' strain isolated in Colorado by Dr. Meikeljolin 
in January, 1957, in all ])rohabiUty reached the St. Louis area witliin a month 
after its isolation hut witliout causing a clinically recognized outbreak. Only 
a few cases showed antibody rises against this virus with accompanying clinical 
syniptoin.s of acute influenza. Evidence for the presence of the virus in the area 
is found by examination of infant .sera collected eon.seentively b.vmontli.s, during 
the winter and spring. This viru.s shows .some eiuss reactions with A' strains 
isolated in St. Louis in 1953. Individuals born between 1S9.5 and 1905 .show the 
highest levels of “natural” antibodies against the Denver virus. Animal sera 
collected in this area showed antibodies against this .strain as soon as and perhaps 
even earlier than human sera collected simullancousiy. 

Antilicmagglutiiiins against the Asian strain which had been i)a.ssed only 
in eggs were found in but a single 80-yeai*-old individual in the St. Louis area 
up to Sept. 1. 1957. He had no evidenee of clinical influenza. The strain 
passed through mice has been much more reactive. Highest antibody titers 
have been found in those over 60 years of age. Exiuuination of throat washings 
and paired sera from “influenza-like” illness in thi.s area up to Sept. 1, 1957, 
liave .shown no definite evidence tiiat the infection lias spread to tin's vicinity. 
Animal sera collected up to this date show no antibodies against the Asian 
strain of virus. 

16. SUGGESTED REVISION OP N0.1IENCLATURE FOR 
INTRAVENTRICULAR CONDUCTION “DEFECTS” 

J. Marion Bryant, M.D., S. I. Said, M.D. (By Invit-mton), H. B. Youn, M.D. 

(By iNviT.vriON), and Thomas SI. Cook, M.D. (Bv Invitation), 

New Yoriv, N. Y. 

Practically all types of so-called defects of intraventricular conduction 
have been demonstrated by the electroeardiogranis of healthy young subjects. 
The conventional pathologic connotation of the term “bundle branch block” 
makes a more objective and purely descriptive nomenclature desirable to aid in 
breaking ivith tlie concept that electrocardiographic abnormalities of thenpelves 
are diseases. Such a change would serve as a step toward reducing the incidence 
of electroeardiographie-indueed iatrogenic heart disease. 
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A compaiatue stud} of 200 healthy young subiects and 100 oldei caidiac 
patients selves as the basis foi suggesting a icvision of electrocaidiogiaphic 
nomenclatuie Based on tlie foim of the Q1?S complex, “normal intraven 
tiiculai conduction” (classic concept) occuiied in 2 pei cent of healthv subiects 
and 50 pei cent of caidiic piticnts, “light bundle blanch block” in 95 pci 
cent of health} subjects and 22 pci cent of caidiac patients, “left bundle branch 
block” in 13 pel cent of liealthy subjects and 22 pci cent of caidiac patients 
and “bilatcial bundle Inanch block” m 10 pci cent of healthv sulijects .and 
3 per cent of caidiac patients The QRS iiitenal is of little v.ahie in assessing 
the piesence oi degiec of intraventiiculai conduction “defects,” and was 
found to be shoitci, on the aveiage, in ciidiic patients than in healthv subjects 
A new nomenclatuie, based on the foiin of the QRS complex in light sided 
unipolai loads and modified by the value of the QRS intciv il, is suggested 
The teimiiiologv of the Amciican Ilcait Association is used Thus “RS t}pe” 
foi the classic tvpe of “noimal mtiavcntiicul ii conduction,” “RSR tv pc” foi 
“light bundle bianch block,” “QS type” foi “left bundle bianch block,” .and 
“QRSR t}pc” foi “bilateial bundle bianch block ” 

17 REFLECTIONS OF THE AGING PROCESS IN AIAN IN HIS 
SPATIAL VECTORCARDIOGRAir 

6 E BuRCfr, ;MD, \nd Lvvvrfncf Goldev, AI D (By Invitvtion) 

Nfvv'^ Orlfws L\ 

AYith aging, gi.adual ind subtle piogiessive changes develop in the tissues, 
including tlie caidiovasculai system It was thought that such piogicssivo 
changes with aging may be icflcctcd in the spatial vcctoicaidiogiani (sVCQ), 
which lecoids electiical events associated with the heaitbeat in gicatei detail 
than the conventionally iccoidcd EGG 

The sVCG was recoidcd in 224 noimal subjects vaiymg m age fiom 20 to 
72 vcais A close similaiitv was noted foi all age gioups in magnitude and 
spatial oiientation of the maximal me in instantaneous vcctois of the QRS 
and T sfi loops with hoiizontal oiientation being gicatei in the oldci people 
The QRS sC loop piogiessively and subtly developed “distoitions” which lose 
from an incidence of 22 pei cent m the subjects of the thud decade of life 
to 88 pei cent in those of the seventh decade of life 

The significance and mechanisms of these changes lemam unknown, but 
It would appeal that they leflcct in laige pait piogiessive alterations in the 
ordei of dcpolaiz/ation with aging, a newly noted expiession of senescence A 
moie sensitive galvanometer .ind highei papei speed would lecoid electio 
caidiograpliically some of the altcialions Such myocaidial electrical altcia 
tions with age inaj piove to be clinically useful now that some maj be 
objectively iccoided 

18 A SEMPLE, RAPID, AND ACCURATE T 1824 EXTRACTION AIETHOD 
SUITABLE FOR ROUTINE MEASUREMENTS OP BLOOD VOLUJIE 

T J CvmibilLjBS (By Invitvtiox), B ruoHMvv,BA (B\ Inmtvtiox), vnd 
E B Refvf, M D , Denver, Colo 

Aletliods foi mcasuiing blood volume have lequiicd special equipment oi 
special caie, and usually botli, and have not been suitable for use in the aveiage 
hospital laboiatoiy Of the methods available tlie dye methods come neaiest 
to being satisfactoiy, but diiect measuiement of the optical density of d}ed 
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plasma requires skill and is rendered inaccurate by hemolysis and vai’ving 
opalescence of the samples, and none of the described extraction methods' are 
without their difficulties. T, 11. Allen’s method (1951, 1953), in which T-1S24- 
is displaced from albumin by detergent, adsorbed to cellulose, and eluted into 
acetone-water is the best of the latter, but requires 3 hours for the extraction of 
the dye, too long a period for its \ise in the management of the emergency patient. 
We have modified Allen’s method as follows. One to four milliliters of dyed 
plasma is treated with detergent in sodium phosphate solution. The mixture is 
passed through a wood pulp column (Solka Floe S.W 40A) and the adsorbed 
dye is freed from protein and pigments by a wash of the phosphate solution. 
The dye is then eluted with acetone-water, buffered, and the optical density is 
read in a Coleman Junior or other .simple spectrophotometer. A standard pre¬ 
pared in the patient’s blank pla.sma is put through the same process. Ninety- 
seven ± 2 per cent of the dye is extracted in 20 minutes at room temperature, 
the optical density of the ifiasma blanks is zero, and hemolysis, bilirubinemia, 
and opalescence do not interfere. IMcasurements made by this method show 
satisfactory agreement with those made by the direct method. The method 
seems applicable to all patients. Since results can be obtained GO to 70 minutes 
after dye injection, it should prove particularly useful for the management of 
patients suffering from hemorrhage. 

19. CORRECTION OF DEFECTS IN CLOTTING ACCELERATOR 
FACTORS BY ADJIINISTRATION OF A NEW SULFIIYDRliD.- 
SUBSTITUTED METnYENAPHTIIOQUINONE, 

VmUIIN K-Sfll) 

John R. Carter, i)r.D. (By Invitation), and E. D. Warner, JI.D., 

Iowa City, Iowa 

Two patients, critically ill with severe hemorrhagic disordei’s caused by a 
deficiency of accelerator factor(s) of blood coagulation, will be presented. One 
has been studied intensively for over six years. The deficiencies were corrected 
and the bleeding was controlled promptly and completely by the oral and/or 
intravenous administration of S-(2-mcthyl-l, 4-naphthoquinonyl-3)-/3-mereapto- 
propionic acid, designated vitamin K-S(II). Banked and fresh blood in both 
patients and massive doses of vitamin K and Ki in one patient wore ineffective. 

The design and preparation of vitamin K-S(II) was based upon experi¬ 
mental studies which showed that the accelerator activity in blood coagulation 
is infiuenced strikingly by the concomitant administration of DL-mcthioninc 
and vitamin K. Because of the synergistic effect of methionine and yitamm 
K, vitamin K-S(II) was designed to incorporate both sulfur and propionic acid, 
a carbon chain product of methionine degradation, into the vitamin K molecule 
in the 3-position. Experimental and clinical studies in normal dogs and rats, 
cholecystnephrostomized dogs on normal, protein, or methionine-free diets, 
partially hepatectomized rats, and in patients have shown the vitamin K-S(II) 
to be fully^ as effective as the methionine plus vitamin Iv. 

20. SHORTENED SURVIVAL OF INCOIilPATIBLE RED CELLS IN 

PATIENTS WITH “AGAMMAGLOBULINEMIA”: A SENSITIVE 
TEST FOR THE PRESENCE OP TRACES OP ISOANTIBODY 

Hugh Ceuvplin, Jr., M.D., St. Louis, 3Io. 

Patients ■with aganmiaglobulinemia have been characterized as “universal 
recipients” because of the absence of anti-A and anti-B isoagglutmins irom 
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their sera. The present report describes the survival of A'BO'-incompatihle red 
cells in the circulations of 4 adult patients whose sera showed an absence of 
gamma globulin on paper electrophoresis. 

Although routine tests for anti-A and anti-B isoagglutinins were negative, 
more sensitive tests revealed very weak isoagglutinins in 3 of the 4 patients. 
Ten milliliters of Cr®^-tagged incompatible red cells were injected intravenously 
over a 2-rainute interval. No untoward sjmiptoms or signs were observed. 
Red cell survivals were shortened in all 4 patients, with Cr®^ half-times from 
less than 10 minutes to as long as 9 days (Normal: 30 ± 3 days). 

Although the in vitro tests for antibody actmty revealed no qualitative 
differences among the sera from the 3 patients with detectable isoagglutinins, 
surface scintillation cormting over the Ixepatic and splenic areas suggested two 
different mechanisms for red cell removal. One mechanism (in two patients) 
entailed nearly equal participation by both liver* and spleen; the other (in one 
patient) was almost exclusively a function of the spleen. 

The sensitivity of the above-described in vivo studies for the detection of 
minute amounts of circulating antibody was illustrated by a second study per¬ 
formed on one of the patients. Ten milliliters of (i?r®^-tagged incompatible blood 
was injected and the rapid disappearance of the red cells (less than 10 per cent 
survival after 10 minutes) confirmed as described previously. One hour later, 
a pint of Cr^Magged blood from the same donor was transfused; 90 per cent 
of the incompatible cells were present in the recipient’s circulation at the 
conclusion of the transfusion. There was no measurable destimetion of the 
surviving red cells during the succeeding 24 hours, and their survival was 
followed during the subsequent 6 weeks by both the Ashby and the 
methods, along with surface scintillation counting over the liver and spleen. 
The results provide an interesting comparison of the destruction of red cells 
under conditions of antibody excess compared to antibody insufficiency. 

21. PEREGRINATING PROBLEJI PATIENTS: 

“MUNCHAUSEN’S SYNDROME” 

John S. Chapman, M.D., Iowa City, Iowa 
(Introduced by Robert C. Hardin, JI.D.) 

Not before reported in this country is an instance of “Jdunchausen’s 
syndrome, ’ ’ so named by Richard Asher of England. The term was suggested 
by similarities between the bizarre symptoms and behavior exhibited by certain 
patients and the tales of wild adventure and personal achievement told by the 
fabulous Baron Munchausen. Patients witii Iklunchausen's syndrome travel 
^videly among hospitals feigning symptoms and producing factitious lesions 
which require emergency care or extensive diagnostic investigations. One such 
patient was admitted to the University of Iowa Hospitals, Iowa City, Iowa, 
August 18, 1954, because of hemoptysis and thrombophlebitis. 

In the following days there unfolded a series of remarkable events starting 
with plausible symptoms and progressing through inappropriate behavior to 
uncontrollable violence and fantastic self-inflected wounds. Disposition was 
finally made to a state mental hospital from which he subsequently fled. 

By correspondence, it was learned that this was a repetitive pattern which 
the patient had been following for several years, and which continued after 
leaving Iowa. In the months following he was admitted to at least thirteen 
hospitals from California to New York with similar occurrences in all. The 
admitting diagnosis has always beoi thrombophlebitis and pulmonary embolus. 
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23 CLINICAL OBSERVATIONS ON THE USE OP NOVOBIOCIN IN 

PENICILLIN RESISTANT STAPHYLOCOCCAL SEPTICE'MIA 

J !JI CoLULLE, IID , H H Gvle, "M D , P Con, Jr , JID , vnd 
E L Quinn AI D Detroit, Uich 

(Introduced b\ R W Smith, D ) 

The seiiousness of staplijlococcal scpticeiiiu is indicated b\ a coiitiiiumg 
moitahty rate of 50 to 80 pei cent despite modem aiitimiciobial tliei'ip\ Thus, 
neu antimiciobial agents demonstiating aiitistaphjlococeal actlMt^ aie Moithy 
of caieful consideiation and stiid\ 

No\obiocm, an antibiotic agent deincd fiom Stieptomyces niieus and 
demonstiating both in Mtio and in "vno antistaph\lococeal actiMt\, became 
a\ailablo foi imestigational study appio\imatelj tMO \cais ago Subsequent 
investigations in oui own and othei laboiatoiies indicated that this agent might 
piove useful in the tieatment of staphvlococcal sepsis due to penicillin lesistant 
oigamsms 

T)uiing the past 20 months, 7 patients with staphvlococcal sepsis have been 
tieated \vith novobioein The following significant fentnies weie common to all 
cases and pieceded tlie onset of staphylococcal sepsis in all cases an undei 
lying piimaiy disease pioccss, hospitalization suigical mtcnention, and pievious 
e\posuio to various antimiciobial agents In each instance the isolated sfiains 
of staphylococci weie pigmented, hcmohtic and coagulase positive 

Pive of the 7 patients lesponded satisfaetoiilv to tieatment with novobiocin 
Of the lemammg 2 cases, 1 developed seveie thiombocytopema pnipuia, a 
pieviously imiepoited to\ic leaction, on the ninth day of theiapv aftei leceiving 
18 6ni of novobiocin In the othei patient emeigence of a novobiocin lesistant 
stiam of staphylococcus occuiied aftci 7 davs of theiapy 

24 REVERSAL OF THE LESIONS OF THE GENERALIZED 
SHWARTZAIA-N PIIBNOAIENON BY TREATAIENT OF 
RABBITS AVITH STREPTOKINASE 
RichvrdH Condie (B\ Invitation) C Y Hong, MD (By Invitvtiont), 
AND Robert A Good, AID , jMinnevpolis Minn 

Tlie geneialized Shvvaitzman leaction is associated with deposition of homo¬ 
geneous, eosinophilic mateiial with staining chaiacteiistics of fibiinoid De 
posits occur within the glonieiulai capillaries, splenic sinusoids, hepatic veins, 
and pulinonaxy aiteiies, as well as within caidiac valves and beneath eudo 
thelium of coronary arteiies In the developing lenal lesion, this fibiinoid 
material becomes visible at the mnei surface of the glomeiulai capillaiies 
between 2 and 4 houis following the second intiavenous injection of endotoxin 
mid is primaiy to the bilateial iciial cortical ncciosis which develops latei 
Pievention of the Shwaitzman leaction with heparin and othei anticoagulants 
effectively inhibits development of these fibiinoid lesions, but onlv when 
mlministeied at the time of oi piioi to the piovoking injection of endotoxin 
Heparin administered following the second injection of endotoxin appealed 
to enhance the lesions 

In an elfoit to coriect deposition of fibiinoid mateiial and pi event conse 
quent hemoiihagic necrosis, stieptolvinase, and stieptodornase mixtuies weie 
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given intravenously to rabbits at a time when it was Iniowni that fibrinoid depos¬ 
its had already been formed. Tin’s treatment appeared to reverse tlie fibrinoid 
de])osition and prevented development of renal necrosis. It was found that this 
effect is due to streptokinase and will prevent completely the generalized 
Shwartzman reaction wlien streptokinase is administered up to 4 liours follow¬ 
ing the second intravenous injection of endoto.xin. Quantities of streptokinase 
effective in preventing the Shwartzman lesion.? were found to have no effect 
on the febrile response development of leukopenia and leukocyto.sis, inhibition, 
leukocytic migration, decrease in platelet count, production of heparin pre- 
cipitable protein, or increase in fibrinogen levels which normally accompany 
injection of endoto.xins. Administration of streptokinase resulted in immediate 
activation of fibrinolytic capacity of the blood which persisted for periods of 
more than 3 hours. 

Similar results were obtained -with the local Shwartzman reaction and the 
visceral vascular reaction produced by a single intravenous injection of endo¬ 
to.xin together with polyethanol sulfonate. 

We conclude from these studies that deposits of fibrinoid material which 
occur in the course of the generalized Shwartzman reaction arc revei’sible by 
treatment with streptokinase and that such treatment prevents the progress 
of the lesions to hemorrhagic necrosis. 


25. CHYLOMICRON-LIPOPROTEIN DISTRIBUTION AND THE 
DYNAMICS OP LIPID TRANSPORT 

David 6. Cornwell, Pu.D. (By Invit.vtion), Peed A. Kruoek, M.D. 

(By Invitation), George J. Hamwi, M.D., .vnd J. B. Brown, Pii.D. 

(By Invitation), Columbus, Ohio 

Although lipids are absorbed from the intestine and transported in scrum 
by a well-defined chylomicron-lipoprotein system, the origin of specific com¬ 
ponents in tliis system and their metabolic interrclationsliips are not understood. 
Metabolic transformations between different lipoproteins have not been investi¬ 
gated by the usual tracer techniques, since labeled lipids (cholesterol ana 
phospholipid) in one lipoprotein component of the system were sliown to ex¬ 
change, in vitro, with lipids in tlie other lipoprotein components. In the 
present investigation, triolein tagged with I”' was found suitable to 
chylomicron and lipoprotein transformations since the labeled triolein did not 
exchange, in vitro, between different lipoprotein classes. 

The cliylomiera and lipoproteins in luiman serum were jiartitioued by 
ultraeentrifugal flotation in a density gradient^ (Oncley and associates). 
Quantitative lipoprotein distributions were then estimated from cholesterol and 
phospholipid analyses of each lipoprotein fraction. Three characteristic lipo¬ 
protein distribution patterns were observed; (1) Normal; (2) Hj'perlipenua 
in Sf 10-400 lipoproteins; and (3) Hyperlipemia in Sf 3-9 lipoproteins. IR 
patients with a clinical diagnosis of idiopathic iiypcrlipemia, xantlioma tubero¬ 
sum, the nephrotic syndrome, and the Kiminelstiel-Wilson syndrome, an 
elevation in St 10-400 lipoproteins occniwcd. An elevation in Sf 3-9 lipoproteins 
was found in some patients with a clinical diagnosis of diabetes inellitus, 
atherosclerosis, and in all patients with myxedema. 

In normal individuals, iodinated triolein was absorbed and_ transported 
primarily by the ehylomiera. The iodinated triglyceride reached its maximum 
coneeiitration in serum about 4 hours after administration and was cRaied 
from the serum in 24 hours. Labeled triglyceride was not found m eitne 
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Sf 3 9 01 high density lipopioteiiis Individuals witli an Sf 3 9 hypeilipemia 
absoibed and transpoited tuolein in the same mannei as noimal individuals 
Individuals with an Sf 10 400 hypeilipemia had a distinctly altcied pattern 
Labeled triolein was earned primaiily in the Sf 10 400 lipopiotein fraction 
Furthermore, the tiiolein was cleared fiom the seium at a slouei late 

These results may be inteipictcd m at least two uays (1) Sf 10 400 
lipoproteins aie derived fioni cliylomicia Sf 10 400 hyperlipemia lesults 
fiom a decrease in the late of clearing for this lipopiotein class, and (2) 
chylomicra and S/ 10 400 hpopioteins me synthesized independently Sf 
10 400 hypeilipemia results fiom both ineicased synthesis and decieased 
dealing in this lipopiotein class 

26 CONTROLLED STUDY OP A POLYA^ALENT ^VDENOVIRUS 
INFLUENZA VACCINE 

P Co\, Jr,1ID,E a Timm, PhD, E L Quinn MD J AI Colville MD 
\ND I AVillivm AIcLevn, M D , Detroit Alien 

(Introduced by John E Rebuck, AID ) 

A coutiolled study concerning antibody lesponse and tissue toleiance to 
polyvalent adeno\irus influenza \accine was undei taken in November, 1956 

Three groups of approximately 37 individuals each weie studied Gioup 
I leceived fluid vaccine containing adenovirus types 3, 4 and 7, Influenza 
type A (PR8, PR301, and Swine), and Influenza B (Gieat Lakes and Lee) 
Gioup II recened a vaccine containing the same antigens which had been 
absoibed onto aluminum phosphate Group III was given a placebo consisting 
of balanced salt solution A single boostei was administered 16 weeKs aftei 
pi unary \accination Conti ol pic\accination sera weie dia\vTi fiom all sub 
jects at the onset of the program and theieafter at 2 16 (piebooster), and 
18 weeks Additional seia Avere obtained from one third of the subjects in 
each group at 6, 10, and 14 Aveeks All seia Avere tested in tissue culture foi 
neutializmg antibodies against type 3, 4, and 7 adenovirus Influenza hem 
agglutination inhibition tests Avere peifoimed on both control and postvac 
cmation seia 

The lesults shoAved that adcnoviius antigen combined in an adenoAiius 
influenza vaccine dieted a satisfactoiy antibody response The magnitude 
of the change in antibody titer Avas similai to that observed by Bell and co 
Avoikers A\hen adenovirus antigen alone Avas employed Aluminum phosphate 
absoibed vaccine produced supeiioi antibody lesponse Avhen compaied to the 
fluid Aaccine 

FolloAving a boostei dose of polyvalent vaccine, increase in adenovirus 
antibody titei Avas noted only if the preboostci titer Avas fairly low or if 
the subject shoAved no antibody at the time of the booster These results also 
indicated that the antibody titei icsultmg fiom vaccination Avas quite stable 
over an 18 AAeek peiiod 

Influenza hemagglutination inhibition antibody tests yielded an aveiage 
aiithmetical mean fold inciease titer foi all the contained strains of influenza 
viius of 0 3 in the control group and 4 5 and 3 9 in the tA\o groups receiving 
the Aaccine 

No significant dilfeiencos in the tissue tolerance Avere noted Avith the tAvo 
types of vaccine 
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chlomresis (p =* <0 01) and dimesis (p = <0 001) In a similar fashion, on 
chronic administration, a luTiohalemic hvpoehloiemic alkalosis may he ohser\ed 
lathei than the In perchloremic acidosis is Inch ma^ occui follo^vlng the nse of 
acetazolamide 

Thciefoie, these results (1) establish a phjsiologic connecting link between 
the C A inhibitors and the meicuiial diuretics (2) demonstrate the effectneness 
of chloiothiazide as a aaluable adjunct in the treatment of edematous states 
and (3) ha\c ph^slologlC significance when related to the renal mechanism in 
Nohed in the excietion of watei and cleetiohtcs 

29 THE HE'\IODY\A'\nC RESPONSE TO EXERCISE IN PLLAIONIC 

STENOSIS 

Edward W Dennis ilD, vnd JvmesK Alen^ndeb AID (B\ In\ttation) 
Holston, Tews 

The hemodjmamic response to exeicise has been in\estimated in 5 women 
haMng isolated pulmonic stenosis without clinical eMdence of congestue heait 
failuie Data were obtained duimg right heart catheterization utibzing a 
■double lumen catheter to obtain simultaneous piessuies fiom the light \entncle 
and pulmonan arterj The following paiameteis weie examined at lest and 
duimg nuld leg exercise (1) cardiac output and stioke %olume (2) mean 
systolic pressure gradient aeioss the stcnotie ventuculai infundibulum oi pul 
Jiionan lahe, (3) right ^entiicular end diastolic pressure, (4) piilniomiy 
arteiw mean piessuie 

There was a lange of 20 to 150 nun of mercuij mean s\stolic piessuie 
gradient between the iiglit \entricle and pulmonary arter\ at rest ^vlth a 
tendency to rise as much as 15 mm of meicui'v during exercise In the two 
patients with the highest mean systolic picssure giadicnt, the lesting cardiac 
output was reduced Howc\er tlicie was an mciease in pulmonary blood flow 
duimg exeicise in all patients ranging fiom a boideilme normal %alue of 
574 ml /lOO ml increase in oxj gen consumption to a ma\imum of 1 710 ml 
Alcan pulmonan arterv piessuie rose in all cases duimg exercise as much as 
10 mm of mcrcurj Right xcntricular end diastolic pressure rose to significantly 
elc\ated lei els in all cases 

Tlicse data suggest that the obsened noniial mciease in light lentiicular 
output and the increase in mean sjstolic piessuie giadient aie achieved at the 
expense of significant ele\ation of right xcntricular filling pressiu’e in these 
patients 

30 TREATAIENT OF HYPERTENSIVE DISEASE IN PREGNANCA 

AViLLim J Diecemajsn, AID vnd John P Harrod, AID (B\ Inmtvtion), 
Chicago, III 

Duimg the past 6 yeare approximately 1,200 patients ha\e been treated for 
so called “toxemia of pregnancy ’ Foity fixe pei cent of the patients had pre 
eclampsia and 0 5 per cent had eclampsia but only two patients x\ith these 
diagnoses leceixed a hypotensixe diug In gencial, wc beliexe the hypertension, 
if piesent, is compensatory and it is not treated unless the systolic blood pies 
sure is 200 oi higher with proportionate diastolic piessuies 

Fifty two pel cent of the patients had hypertensixe disease the majoritx 
of some yeai-s’ duiation Approximately 55 patients were hospitalized and 
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placed in an air-conditioned room ivitli no other treatment than either the 
regular hospital diet or a low-sodinm and low-potassinm diet. A high perceiit- 
age of the patients on the above regimen either became normotensive or the 
blood pressure dropped to such a degree that hypotensive drugs were no longer 
indicated; this emphasizes the importance of a control period. 

Twenty patients who were seen sufficiently early in pregnancy and whose 
bleed pvesawre persisted for 48 honrs or longer despite the above xegmien, were 
thoroughly studied and in each instance the offer was made of therapeutic 
abortion. These patients were all anxious to have the child if it could be done 
^vith reasonable safety. The patients were followed by one man as ambulatory 
patients and were hospitalized for 5 to 10 days every 4 to 6 weeks. 

Seventy per cent of these patients left the hospital with a live baby, ap¬ 
proximately the same per cent which Dieckmann has reported previously with¬ 
out the use of hypotensive drugs. To date, hypotensive drugs in the treatment 
of hypertensive disease in pregnanej^ have not decreased proteinuria and have 
not increased fetal survival. 

31. EFFECT OP ORAL DIURETICS ON BLOOD SUGAR 

Habold L. Dobson, SI.D. (By Invitation), Harry S. Lipscomb, M.D. (By 
Invitation), ^vnd James A. Greene, M.D., Houston, Texjvs 

Utilizing both the Somogyi-Nelson and glucose oxidase methods, the effects 
of acetazolamide (Diamox) and chlormaredrin (Neohydrin) on blood sugar 
have been investigated. Acetazolamide was found to act as a mild to moderate 
hypoglycemic agent in over one-half of the subjects tested. In some diabetics 
it appeared to be more effective than earbutamide. Certain patients develop 
untoward reactions when placed on this drug. In some, hut not all, of these 
patients the sjmiptoins are due to hypoglycemia. It is thought that this drug 
should be used with great caution in patients in whom mild hypoglycemia is 
known to be harmful. 

Chlormaredrin reacts with the Somogyi-Nelson color reagent to give 
erroneously high blood sugar values. The error may be in magnitude of 400 
to 500 mg. per cent, Tlic effect may be found in vivo and in vitro. It is 
maximal wdtidn tivo hours after ingestion of the drug. This may lead to very 
confusing results when blood sugar studies arc being performed on cardiac 
patients receiinng chlormaredrin. 

32. CARBOHYDRATE klETABOLISM IN PATIENTS UNDERGOING 
surgery WITHOUT ..INESTHESIA 

WiLiJAAt R. Druckeb, jM.D. (By Invitation), Charles A. Hubay, il.D. (By 
Inittation), Willum D. Holden, M.D. (By Invit.vtjon) , jILvx Hillek, IM.D., 
James Cb,ug, hl.D. (By Inittation), Nancy Hofmann, A.B. (By Inittation), 
Hiraai Woodward, A.B. (By Invitatio.n) , and David Weir, H.D., 

Clei'el.vnd, Ohio 

Surgery ivith anesthesia, or etlier anesthesia alone, wUl cause abnormali¬ 
ties in carbohydrate metabolism. Glucose, pyruvate, and lactate tolerance be¬ 
comes altered, whereas fructose tolerance remains essentially unchanged follow¬ 
ing these stresses. It is possible that some of the reported metabolic cliange.s 
found following surgery could be due to the anesthesia rather than the rt'.sult 
of operative trauma. 
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The present study "was designed to determine the effect of surgery uuthout 
associated anesthesia on carbohydrate metabolism. Intravenous glucose, fructose, 
and lactate tolerance tests "vvere performed on paraplegic patients operated for 
repair of decubitus ulcers. The surgical procedures could be carried out in 
these individuals, who had spinal cord injuries, without the use of anestliesia. 
Six patients received glucose and fructose tolerance tests on succeeding days 
before and after surgery. Six additional patients received lactate tolerance tests 
before, during, and following surger 3 ^ The levels of glucose, finictose, pyruvic 
acid, and lactic acid were determined periodically in venous blood. 

The data obtained from these patients operated upon without anesthesia 
indicate that: (1) a marked abnormality occurs in postoperative glucose toler¬ 
ance wliich persists for at least two days; (2) there is no abnormality’ in the post¬ 
operative tolerance for fructose; and (3) a decreased tolerance occurs for lactate 
during surgery and on the first postoperative day. Similar results were found 
with patients operated upon with anesthesia. In contrast, the abnormality in 
glucose tolerance which occurs during anestliesia without surgery disappears 
within twenty-four hours. 

These results have been interpreted as indicating that surgical trauma 
causes alterations of intermediary metabolism wliich do not depend on associated 
anesthesia. Since the alterations of carbohydrate metabolism occur when sur¬ 
gery is carried out below the level of sensation in paraplegic patients, factors in 
addition to central nervous system stimulation are implicated in the etiology 
of these changes. It is postulated that the effect of surgical trauma without 
anesthesia is to alter specific enzymatic processes since the metabolism of glucose 
and lactate, but not fructose, are altered postoperatively. 

33. COMPARATIVE DIAGNOSTIC VALUE OP URINARY C03IP0SITI0N 
AND TRANSLUMBAR AORTOGRAPHY IN RENAL HYPERTENSION 

Harriet P. Dust..vn, BI.D., Eugene P. Poutasse, iM.D. (By Invitation), and 
A. C. CoRcoB^vN, M.D., Cleveland, Ohio 

Occlusive renal artery disease, an important cause of hypertension, is best 
demonstrated currently by aortography which, wth our technique, is a safe 
procedure. A recent report suggests that aortography is unnecessary in diag¬ 
nosing a unilateral arterial lesion since the affected kidney is believed always 
to excrete a urine of smaller volume and lower sodium concentration. Analyses 
of ureteral urine are of no help in diagnosing bilateral lesions. 

This report concerns a study of separated renal functions in hypertensive 
patients, some having renal arterial lesions. Urine was collected from each 
ureter during mannitol loading and Pitressin antidiuresis. Functions studied 
were glomerular filtration rate (GFR), urine flow (V), urine sodium concentra¬ 
tion (Ukb), and the excretion fraction of the filtered sodium load (EFKa). 

The functions were bilaterally equal in 10 patients "with essential hyper¬ 
tension. In 4 patients with (predominantly) unilateral pj'elonephritis, GFR 
and V were less on the more affected side while Uxa and EP^a were identical. 
In 4 with unilateral arterial lesions, GFR and V were depressed on the affected 
side; in 3 there were associated decreases of Uxa and EPnb, but in the fourth 
these values were bilaterally equal. In two patients with bilateral arterial 
lesions, differences in GFR occurred between the two sides with corresponding 
V changes; Uka and EP^a were higher on the sides of lower GFR. In two witli 
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unilateral arterial and contralateral parenehjnnal disease, GPU was lower on 
the sides with parenchj-mal disease; differences in Uxa were insignificant b\it 
EF.va were less on the sides of the arterial lesions. 

The data show a general association between GPR and V in renal disease. 
However, a relative decrease of Uxa is not a consistent characteristic of occlusive 
arterial lesions. The data emphasize the need for radiologic visualization of 
the main renal arteries in the diagnosis of unilateral and bilateral occlusive 
lesions and of combinations of arterial and parenclijunal disease since these 
may unpredictably affect urine volume and composition. 

34. YOLTOIE CHANGES IN THE POREARil '\rEINS OP 3UN DURING 
VOLUNTARY HYPERVENTILATION 

John* W. Ecksteik, M.D., John M. McCanmond, B.A., .vnd 
■\ViLLi.V3i K. Hamilton, jM.D., Iowa City, Iowa 

(Introduced by J.oles VT. Culbertson, M.D.) 

Hj'pei'ventilation caused an inei’case in cardiac output and forearm blood 
flow, a fall in arterial pressure and circulation time, and no change in central 
venous pressure (Burnum, Hickam, ilclntosh). Venous dilatation during this 
reported arteriolar dilatation would be inconsistent with the increased output 
and unchanged central pressure. Our study demonstrates and quantitates the 
forearm venous responses to hjqierventilation. 

Observations on end-exph-atory pC02 (pCO;), minute-volume ventilation, 
forearm venous disteusibility (^H)), and dependent forearm venous pressure 
(VP) were made before, during, and after voluntary hj-perventilation in 16 
experiments on 12 normal supine men. The venous pressure-volume cui’ve 
obtained dur'mg the plethysmographic measurement of YD expresses tlie fore¬ 
arm venous volume existing at any effective venous pressure (EVP) between 
0 and 30 mm. Hg. The naturally occurring venous volume {YY) is tlie volume 
coordinate of the point on the curve corresponding to the measured VP (= 
EIT) in the forearm unencumbered by the plethysmograph. VD is designated 
arbitrarily as the venous volume at an EVP of 30. 

During h>*perventilation, pCO; averaged 22.4 mm. Hg and minute-volume 
ventilation averaged 31,7 L./min. VD averaged 4.1 c.c./lOO c.c. of forearm 
tissue (range, 3.1 to 5.7) during control periods and fell to 3.3 (range, LO to 
4.9) during hyperventilation. VP decrca.scd in 12 and increased in 4 experi¬ 
ments: the average change was a fall of 1.2 mm. Hg. VV fell from an average 
control value of 2.9 c.c./lOO c.c. of forearm tissue (range, 1.5 to 3.5) to 1.9 
(range. 0.4 to 2.8)—a venous volume reduction of 35 per cent. Recoveiy from 
this uniformly observed venoconstrietion wjls incomplete until pCO; returned 
TO control levels. The YY decrease observed with room air hyperventilation was 
prevented partially in 4 of 5 eases by increasing inspired pCO^ (preventing 
hypocapnia). 

These experiments demonstrate that forearm venous dilatation does not 
accompany the reported forearm arteriolar dilatation ob.served during hyper¬ 
ventilation: on the contrary, the forearm veins constrict significantly during 
this stimulns. This degree of peripheral venoeomstrietion appears adequate to 
provide the increased venous return required for the reported increase m 
cardiac output and is consistent with the unchanged central venous pressure. 
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35 A DISCREP^VNCA BETWEEN TYPE OF GON^VD AND THE 
CHROJMATESr PATTERN * 0^ ARIES” WITH CHROAIATIN 
NEGATIVE (AIALE) S03IATIC CELLS 

\\ W E^GSTROM, il D , F J StODDUCD, AID (B\ In\U VIION I \\I) 

E G Bertram, PhD {B\ Iwitvtios), AIilw vlkee Wis 

Se\eial different obsei\ei:> Jia\e icpoited the fiudm*; ol a female chioiuatin 
pattern in most cases of apparent males with semmiteious tubule d\sgenesis 
(so-ealledETineielterN sjTidrome) In some ot these L\en gametogenesis of the 
male type has been obseited This finding appeals to lepicsent the first demon 
'itrated example of a complete sex leieisal in humans because gonadal se\ 
(.when It can be identified) coiicsponds to the sex chioraatm patteni Tlie 
ie\erse situation, le, the finding of o\a\ics containing follicles and geinnnal 
cells in an apparent female with a male type of chiomatin pattern has not ^et 
been reported This communication repoits such a case the patient differed 
irom most cases of “gonadal agenesis” (Wilkms) in that the patient was not 
short, had no recognizable congenital aIlOmalI^s and the unnal^ F'sH was not 
delated 

The 2-i-jeai old slcudei taimei s wiii hid piimaiv amenoiilua 
measured a feet, inches, had sparse sexual ban \uiualh absent breast de 
\eIopment and hj'poplastie anginal mucosa low 17 kitostoioid excietion (2 to 
4 mg/24 hr ), absent unnarj PSII (less than fi AII 24 hi ) Inpoplasia ot 
feminine external genitalia and uteius, well den loped Inoad ligaments and 
Fallopian tubes, “o\aiies” (albeit poor qualit\) containing piimordial follicles 
a few germinal cells, atietic follicles and an incieasi m fibiocollagenous tissue 
Cells of skill and buccal mucosa weic ehiomatin mgatne (male) 

The diseiepanc} between the t\'pe of gonad md diiomatm pattern as 
exemplified h\ this case and In cases of so called IClinofeltex s svndiomc 
presents a serious clnllengc to curicut thcoiics of ses difteiontntion and the 
histologic method of “sexing ” We tentatiieh suggest that if a geneticalh 
determined chemical inductoi oi “eioeatoi” influences the pumitne genital 
iidge to dG^elop into eithei testis or o^al^ and if the natuie of the gonad can 
be opposite to that of the cellulai chromatin pattein tlien the chiomatin pattern 
(at least uiidei these ciicunistances of abnoiinal sexual de\elopment) does not 
iccurateL reflect the qualitatno piepondeiance of male or female “etocator ” 
Chromatin negatmD in oui case nn^ not lepicsent “nialeness” but meieh 
lack of it and female pnpondeiance 

16 latent ADENOVIRUS INFECTIONS OF THE HUAI\N 
RESPIRATORY TREE 

Alfred S E\ ws, AID, ALvdison, AA^is 
(A\ith THE Technic M Assist \ncf op B Esans G Goost) 

The piesence, frequency, and mechanism of latent Mnis infections of 
different parts of the human respnatois tree ha\e been studied in oidei to 
understand better the possible role such agents might pla\ in lecuiient respiui 
tory illnesses To this end human tonsil, lung, and hnnph node tissue lemoied 
at surgerj ha\e been cultured foi prolonged periods of time up to 0 mouths in 
a roller drum, obseried foi eytopathogenic changes, and tlie suponiatant fluid 
tested foi nnis at frequent intervals in HeLa and othei cells Tissue fiom 
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30 tonsils, 9 lungs, and 4 lymph nodes have been successfully cultivated. Adeno¬ 
virus has been recovered from 15 tonsils and 1 lung after periods of tissue 
growth averaging 30 days and ranging from S to 70 daj-s. No other virus has 
been clearly identified. Isolations were most freeptent in the 6 to 10 age groups. 
Adenovirus types recovered included four type 1, eleven t^•]^)e 2, and one type 5. 
The serum from all but two of the individuals from whose tissue virus was 
recovered contained demonstrable neutralizing and complement-fixing anti¬ 
bodies to the type isolated. In the 2 exceptions there had been a long delay in 
the emergence of virus from tonsil tissue suggesting a weak antigenic stimulus. 
In the serum from individuals from whom no \'iru.s was isolated antibody was 
])resent in some, absent in others. 

Factors bearing on the demonstration of virus and its relation to latency 
and “masking” were studied in detail. Adenovirus could not be recovered 
directly from the original material itself even after mincing or homogenization. 
It could not be demonstrated I)y implanting pieces of the original tissue directly 
on to HeLa cells. Tints was found under most circumstances only by growing 
the ti-ssue itself for about a month and continued to be present for periods up 
to TO days. Further data have been obtained indicating that the term “masking” 
is probably not appropriate to this plienomenon. which is largely c.xplicable on 
a (luantitativc basis. 

37. THF CLEARANCE OF HETEROLOGOUS PROTEIN FROM THE 
CIRCULATION OF NORMAL AND DQIUNIZED iMAN 

-Vnthony P. Fletcheu, ^I.D. (By Invitation), Norma Alk.eveu.sic,. M.S. (By 
Invit.vtion). and Sol Sherry, M.D.. St. Louis, Mo. 

The clearance rates of mtravenoiLsly administered antigenic protein have 
been extensively studied in normal and immunized animals, but hitherto no 
such studies have been made in man. Previously only large doses of antigen 
(mg./Kg. body weight) have been xised and relative!}' little attention has been 
given to the early phases of protein removal when antigen-antibody union in 
the circulation might be expected to influence the re.sults. Consequently the 
events occurring during the early phases of immunologic insult in man liave 
remained obscure. 

Sti'eptoldnase, a product of hemolytic streptococcal metabolism, is antigenic 
to man and as a consequence of naturally occurring infections, the population 
exhibits varying levels of specific circulating antibody toward this substance. 
Preparations of streptokinase, homogeneous by biophysical examination, hut 
showing traces of impurity on imimuiochemical analysis were trace-labeled with 
J131 without loss of biochemical activity or detectable change in physical proper¬ 
ties. 

The patient's total circulating antibody was calculated and clearance studies 
were made during states of both relative antibody and relative antigen exces.ses. 
Streptokina.se was removed from the circulation at a rapid exponential rate 
(average 50 per cent plasma clearance time IS minutes) when do.s(*s le.ss than 
those required to combine with the total circulating antibody were in.ieeted 
intravenously. Larger doses, gre.ater in amount than those required to neu- 
trali/.e circulating antibody, showed complex clearance curves. Analysis re¬ 
vealed the.se curves to consist of two exponential component rates. The •‘last 
exitoncntial component was similar to that found earlier during clearance 
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studies conducted diiimg states of antibod\ excess (Mde siipia) and the “slou ” 
component Iiad an a-sciage 50 iiei cent plasma cicaiance late of 81 minutes 
The two lates diffeied significantly (p < 0 001), the “fast” late being found 
dining antigen cleaiancc in the piescnce of specific antibody and the “slon ” 
late in its absence 

The mechanisms of antigen icmo\al icicaled b\ this stud> mav lie of 
general biologie impoitancc since the cxpciimental conditions used (a soluble 
antigen aiitibodi s\stem and a dosage ot only a few iiiiciograms antigen pei 
kilogiam of body weight) would appeal to be analogous to events occuiiing in 
human disease states 

38 electro\:microsgopic studies of renal biopsies taken 

FROM NEPHROTIC PATIENTS BEFORE AND AFTER DIURESIS 

Giuseppe Folli, MD (B\ Invitviion), Victor E Pollu^., MB, MRCPE 
(Bx Invitai ion), Ross T Reid, MD (B\ Imir vtion), Conkvd L Pirvni, AID 
(B\ Invitation), vnd Robert M Kvrk, AI D , F R C P , Cuicvgo, III 

Biopsies fiom the kidneys of 3 healthy and S neplnotic individuals woic 
studied bj electionmicioseopy, by oil immcision liglit microscopj using ultia 
thin sections, and also bv standaid histologic techniques 

Electionmicioscopicallj, m healthy human glomeiuli, lamina densa (base 
ment membiane), podocj'tes (epithelial cells), and endothelial cells weie cleailv 
defined The lamina densa was ± SO m/x thick, homogeneous, stiuctiuclcss, and 
separated on eithci side bv a clear (± 5 m/x) space from endothelial cytoplasm 
and podoeytic processes (pedicels) Each pedicel was attached separatclv 
to the lamina densa The lamina fenestrata (endothelial cytoplasm) completely 
invested the inner oi capillary surface of lamina densa 

In one patient, with diffuse thickening of liascmcnt membiane by light 
micioscopy, the lamina dens.i was gic.ith widened, and split longitudinally 
Tlic podoeytes and then pedicels wcic noimal This anatomic pictuie is in 
accoid with the concept that piotcmiuia m the nopluotic sviidiomo lesults 
fiom incioascd peimeabihtv of a damaged basement memlnnno 

IIowevGi, in most cases the endothelial cells and lamina densa weie com 
pletely noimal The podoevtes wcic quite abnoimal Then pedicels had 
disappeaied, and in then place a continuous lajci of c>toplasm invested the 
himina densa The podoc>tic cytoplasm was vacuolated Minute osmiophilic 
fiagments appaientlj podocvtie in oiigm, were obscivcd hmg fiee in the 
capsulai 01 Bowman’s space Thiee cases were studied before and aftei 
diuresis Foi example, in one case pioteiiiiuia of ± 15 Gm pei dav'’ decicased 
to ±2 Gm per day after diuresis induced by prednisone Iii tins instance 
a second biopsy taken after diuresis revealed that tlie podoeytes were almost 
noimal, normal discrete pedicels were now seen Tiicsc obseivations indicate 
that the podoevte may play a role relative to the ultiafiltiation of plasma, 
pieviouslj attributed by some to the endothelial cells and basement membrane 
It has been suggested that the nephrotic syndiome is the icsult of immune 
reactions in the glomciulus—loeali/cd in tlie basement membiane Oui findings 
do not support .i piedominant lole of glomeiulai basement membiane changes 
m the pathogenesis of these cases of nephrotic syudiomc, but rathei empliasi70 
tlie impoitnnce of glomeiulai cpithdial cell alterations 
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39. MECHANISMS OP ACTION OF DIURETICS AS REVEALED BY 

POTENTIATION STUDIES 

Ralph V. Ford, M.D., Houston, Tex^vs 

(Introduced by John II. Moyer, M.D.) 

Initial experiments in laboratory animals by Pitts (personal commimica- 
tion) suggested tliat the mechanisms of three groups of diuretics were noncom¬ 
petitive. Utilizing patients with previous congestive heart failure, we have 
observed tlie acute excretory responses of sodium, potassium, chloride, and 
bicarbonate following the parenteral administration (priming and sustaining 
doses) of meralluride (Mercuhydrin), acetazoleamide (Diamox), and chloro¬ 
thiazide (Diui'il), separately and sequentially in various combinations. 

After a maximum increase in sodium excretion following meralluride in¬ 
jection was obsexwed, the administration of acetazoleamide produced another 
significant increase (twofold) indicating that two noncompetitive mechanisms 
for the tubular reabsorption of sodium had been inhibited. At the peak of 
this second increase, and while meralluride and acetazoleamide were still being 
infused, the administration of chlorothiazide was observed to produce a third 
significant increase (twofold) over the previous rate of sodium excretion, 
suggesting that a third mechanism had been affected. 

To further elaborate on the competitive nature of these three mechanisms 
of diuretic action, the order of administration of the drugs was changed. If 
acetazoleamide followed the administration of chlorothiazide, no augmentation 
of sodium excretion was observed. Since at least part of the pharmacodynamics 
of chlorothiazide involves carbonic anhydi-ase inhibition, one may conclude that 
it is capable of acting on this enzyme in a competitive fashion with reference 
to acetazoleamide. But since chlorothiazide has other pharmacodynamic prop¬ 
erties its effect on sodium excretion cannot be blocked by acetazoleamide. If 
meralluride administration in equipotent doses followed the administration oi 
chlorothiazide, no augmentation of sodium excretion was obsei’ved, but the 
converse is not true. Therefoiv, chlorothiazide appears to be capable of 
competing with the meclianism for sodium excretion that is affected l).v 
meralluride. 

Tluxs, the data indicate that meralluride shares a mechanism of action witli 
chlorothiazide, that acetazoleamide shares a mechanism with chlorotliiazide. 
and that chlorothiazide can act through a third noncompetitive mechnmsni. 

40. OBSERVATIONS ON THE PATHWAYS OP CHOLESTEROb 

EXCRETION IN MAN 

Ivan D. Frantz, Jk.. M.D., .vnd J vmks B. C.vrev, Jr.. ^l.D.. Minne-vpolis. 

(Introduced by P. W. Hoffbauer, M.D.) 

The classic concept of the mechani.sm by which cholesterol i*’ 
from the body was that it is excreted through the intestinal mucosa, con\e 
to coprastanol in the lumen, and eliminated in the feces. More recent 
ments with isotopes have been interpreted as favoring the conversion o 
acids as the major pathway of excretion. IVe have been reluctant 
notion because we have been unable to isolate from feces the quautuie 
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acids and then deinatnes jnedicted fiom the late of cholesteiol tluno^el, and 
because feces from subjects fed steiol free diets contain sizable amounts of 
digitonin precipitable mateiial, the souice of uliich is obscuie if it does not 
lepiesent cholesteiol e\crGted fiom the blood Foi these leasons, ue undertook 
the piesent e\pciiments 

A healthj'^ man was fed a foinuila diet of skim milk sugai, and chocolate 
Tuenty mieiocuiies of cholesteiol 4 C** ucie gi%en intra\enouslv Stools were 
collected daily foi isolation and quantitation of the vaiious excietion pioducts 
of cholesteiol, and foi compaiison of then specific actnities uith that of the 
blood cholesteiol 

The stools Mere homogenized and cxtiaeted exhaustively with boiling 
ethanol Tins treatment removed more than 99 pci cent of the radioactivity 
About 70 pei cent of the ladioactuitv was extiactable into pctioleum ethei 
after hydrolysis with alcoholic KOH Of this, 80 per cent was precipitable 
with digitonin About 600 mg of digitonm precipitable sterols could be 
isolated daily, and these had a specific activity equal to that of the blood 
cholesterol two days earlier Only 15 per cent of the dailv excretion of radio 
activitv was lecoveied m the bile acid fiaction, two thirds of which was 
isolated as deoxycholic acid 

"Wg feel that these xesults, togethci with othei evidence (eg, J Clm 
Invest 36 898, 1957), demand that fuithei consideiation be given to the possi¬ 
bility that tbe older views on the mecbanism of ebolesterol excretion were 
collect 


41 A COSrPARISON OF THE USEFULNESS OF TRIOLEIN, RISA, 
AND FAT AND NITROGEN BALANCE TECHNIQUES IN THE 
DIAGNOSIS OP MALABSORPTION 

A B French, MD (Br Invitation), M Ishikvwi, I\ID (By Invitviion), 
H S Wiggins, PhD (B\ Invitation), and H M Pollard, MD, 

Ann Ardor, Mich 

Triolein and human albumin (RISA), tagged with 1“^, aie now widely 
used as tools for the diagnosis of malabsoiption syndromes This is based 
on the demonstration by several laboratories that differences in absorption 
of these substances can ])c used to separate normal from grossly abnormal 
patients The efficiency and leliability of these methods as compared with 
traditional fat and nitrogen balance studies liave not yet been clearly demon 
stiated 

The piesent study compares the results of 5 day fat and nitrogen balances 
with the results of fecal, urinary, and blood radioactivity deteimmitions 
following administration of l”^ tiioleiii oi RISA, and with simultaneous 
vitamin A and glucose toleianee curves in over 50 subjects Diseases studied 
include nontiopicrl spine, Whipple’s disease, paiicieatic insufficiency, post 
gdsticetomy btcatoiihca, regionil ^.ntuitib, and ulcerative colitis In gcneial 
the Loiielation between incicabLd letal radioactivity and excessive lecal fat 
and nitrogen was good Scnsitivitv in deinonsliating abnoimalitv was gieatei 
with liioleni than with RISA V small but nnpoitant giouj) of patients 
showed sinking 1 ick ot coiielatioii httweeu i idioactivity and clienucal dctoi 
minitions Lack oL couclation v\is gicitci and moic ticqiicnt when blood oi 
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urinary radioactivity was compared. It is concluded that fecal radioactivity 
determinations are more useful than blood or urine determinations and that 
none of these show complete agreement with chemical balance studies. 

42. GONADAL AND ADRENAL STEROID-INDUCED CHANGES IN THE 

CHOLESTEROL AND PHOSPHOLIPID CONTENT OP SERUM 
LIPOPROTEIN FRACTIONS ISOLATED BY SIMULTANEOUS 
CENTRIFUGATION AT POUR SOLVENT DENSITIES 
FOLLOWED BY QUICK-FREEZING AND 
TUBE-SAWING 

Robert H. PxmM.4N, M.D., R. Paljmeb Howard, M.D., .and Leonard N. Norcia, 
Ph.D. (By Invitation), Oklaho:ma City, Okla. 

A simple teelmique for separation of serum lipids according to the specific 
gravity of the lipoprotein complex is described. Serum aliquots are spun at 
40,000 r.p.m. (144,700 x g) for 22 hours at the foRoiving densities: 1.006, 
1.019, 1.063, and 1.21 g per ml. The tubes are removed from the rotor without 
agitation and “quick-frozen” in a solution of dry ice and acetone. The plastic 
tube and its solid contents are sawed through in the clear zone beneath the 
supernatant fraction. The infranatant and supernatant fi'actions are then 
placed in funnels in volumetric flasks, allowed to melt and made up to standard 
volume with methanol-methylal. Lipid analyses are then carried out on the 
filtrates. 

Five subjects were given peroral methyltestosterone, one equilin sulfate, 
three prednisone, and one cortisone acetate. 

The cholesterol and phospholipid content of native serum and of each 
density-fraction was determined, and the percentage distribution of these 
lipids in each fraction calculated. 

Equilin sulfate, cortisone, and prednisone produced absolute and relative 
increases in the amount of lipid in the highest density > 1.063 < L21 g pei' 
ml. (“alpha”) fraction, wliile methyltestostei’one reduced the lipid content 
of this fraction. 

The lipid content of the > 1.019 < 1.063 (“beta”) lipoprotein fraction 
showed a less consistent response. Equilin sulfate and cortisone reduced the 
cholesterol and phospholipid content of the beta lipoprotein fraction, both 
relatively and absolutely. Methyltestosterone administration led to increases 
in beta lipoprotein cholesterol and phospholipid Avith one exception when no 
change was noted. 

Inci’eased beta lipoprotein lipid following prednisone administotion was 
noted only when marked increase in the native serum cholesterol and npm 
phosphorus occurred. Wlien no increase in native serum lipid concentration 
was noted following prednisone administration, beta lipoprotein lipid con¬ 
centration fell, absolutely and percentagewise. 

The cholesterol and phospholipid content of the > 1.006, <1.019, an 
< 1.006 fractions either fell or underwent no change during equilm siuiate 
or adrenocorticosteroid administration, whether or not native serum hpm com 
centrations inci’eased; the response following methyltestosterone was slight an 
inconsistent. 

The effects of adrenocorticosteroids on serum lipids and lipoproteins co 
not appear to be a consequence of thyroid suppression. 
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43. STUDIES IN THE PATHOGENESIS OP LUPUS ERYTHEjMATOSUS: 

EXPERUVIENTAL PRODUCTION OP HEJIATOXYPHIL BODIES 
IN THE KIDNEY 

James L. German, jVI.D., Bethesda, JId. 

(Introduced by P. J. Heck, JI.D.) 

Observations under phase contrast microscopy of unstained preparations 
containing L.E. cells and L.E. bodies disclosed that these structures, in addition 
to being relatively rigid and “sticky,*’ were often larger than normal formed 
elements of the circulating blood. This suggested that obstruction to small 
blood vessels could develop if such structures should circulate in the blood 
stream. 

These observations, combined with the known histochemical identification 
of in vitro L.E. bodies with lupus tissue “licmatoxyphil” bodies and the unique 
pathognomonic significance of the latter, prompted animal experimentation. 

Suspensions of L.E. cells and L.E. bodies were injected into the aortas of 
rabbits and guinea pigs. The kidneys, removed and fixed from 15 minutes to 
4 hours after injection, showed an abundance of structures in the glomerular 
capillaries which by contour, texture, and staining reactions (purple on H and 
E stain; Peulgen positive) seemed characteristic of the hematoxyphil, or “hema¬ 
toxylin,” bodies found in the lupus kidney. Control animals were negative. 

44. THE EFFECT OF BLOCKING DRUGS ON THE VASCULAR 
REACTION TO ENDOTOXIN IN CATS 

Robert P, Gilbert, M.D., MiNNE.a>OLis, 1\Iinn. 

Histamine, 5-lvydroxytryptamine (5-HT) and epinephrine have been sug¬ 
gested as mediators of the vascular responses to bacterial endotoxin. Chlorpro- 
mazine and dibenzyline, which block the effects of one or more of these drugs, 
have been shown to protect mice against the lethal effects of endotoxin. The 
present study concerns the effect of similar blocking drugs on the early vascular 
responses to endotoxin. 

Carotid (CAP) and pulmonary (PAP) arterial pressures were measured 
in the open chested cat under pentobarbital anesthesia. The administration 
of endotoxin to the eat characteristically causes a PAP rise and a CAP fall. 
Because antihistaminics and dibenamine did not block the vascular effects of 
large doses (0.1 to 1.0 mg./Kg.) of histamine and 5-HT, a dose of endotoxin 
was chosen which did not produce an overwhelming effect. 

In 15 control cats, 0.05 mg./Kg. of endotoxin caused a CAP fall of 45 
per cent (± 9 s.e.) and a PAP rise of 73 per cent (± 17 s.e.). The combination 
of dibenamine (15 mg./Kg.) and pyrilamine (5 mg./ICg.) afforded almost 
complete protection in 5 eats; the CAP rose 3 per cent (± 7 s.e.) and the PAP 
rose 27 per cent (±10 s.e.). In 5 trials of each agent alone there was only 
partial protection. The combination of LSD (0.5 mg./Kg.), ■with no adrenolytic 
activity, and pyrilamine gave fair protection in 4 cats; the average CAP fall 
was 12 per cent and the average PAP rise was 15 per cent. LSD alone mitigated 
the fall in systemic pressure, but did not alter the PAP rise. The effect of large 
doses of endotoxin (5 mg./Kg.) was not appreciably lessened by these drugs. 

These results are consistent witii the possibility that liistaminc and 5-IIT 
are active during the early phase of the endotoxin reaction. It does not 
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follow that the bloekiiig agents used would be of therapeutic use, especially 
during the late phases of a severe endotoxin reaction. 

45. SOME OBSEEVATIONS ON THE VARIABLE FATE OP BILIRUBIN 
DEPENDING ON CONJUGATION AND OTHER FACTORS 

SiGRiD Gilbertsen, M.D. (By Invitation), Malcolm Campbell, M.D. 

(By Invitation), and C. J. Watson, M.D., IMinne.vpolis, Minn. 

Earlier studies had shown that crystalline bilirubin given per duodenal 
tube in patients with complete biliary obstruction was largely unaccounted for 
as urobilinogen in the feces. In the present study intraduodenal administration 
of N^® crystalline bilirubin in 3 cases of eareinomatous biliary obstruction and 
in a normal subject was followed by recovery of less than 5 per cent as fecal 
urobilinogen and no increase of mesobilifuscin (dipyi’rylmethene group). 
Crystalline bilirubin given intravenously in a normal subject was largely 
accounted for (79 per cent) as urobilinogen, with minor amounts of mesobili¬ 
fuscin and bilirubin. The administration of a crude bilirubin glucuronide 
per duodenal tube in a normal subject was entirely accounted for as fecal 
urobilinogen and mesobilifuscin, in the normal ratio. Substantial increases in 
fecal urobilinogen were noted in similar experiments in two patients with 
complete biliary obstruction. 

A remarkable contrast to the normal handling of bilirubin was observed 
in a patient with refractory anemia. The Cr®^ red cell survival measurement 
was normal, but the fecal urobilinogen was regularly very small, averaging 
but 22 per cent of the anticipated value. Here there was no significant nicrease 
of fecal bilirubin, urobilinogen, or dipyrrylmethene following administration 
of bilirubin glucuronide intraduodenally or crystalline bilirubin intravenously. 
Yet when crystalline mesobilirubinogen (t-urobilinogen) ivas given intraduo¬ 
denally, the increase of fecal urobilinogen corresponded with the amount ad¬ 
ministered. These observations suggest that in this patient there is an aberrant 
fate of bilirubin, but whether in the intestinal tract is not clear. That it is 
not due to failure of conjugation of bilirubin by the liver was evidenced by the 
usual prompt direct diazo reaction of the bilirubin in the duodenal contents. 

The present studies thus indicate that while conjugation of bilirubin is 
important or even essential to its normal conversion to urobilinogen by the fecal 
flora, there may exist significant deviations of the ordinary pathway based on 
other mechanisms which are not yet clear. ^VlIether these are fundamentally 
related to disease states, such as anemia, also remains to be determined. 

46. BLOOD CHOLESTEROL LOWERING EFFECT OF ESSENTIAL 
FATTY ACID SUPPLEMENTS IN DIABETIC PATIENTS 

Edgar S. Gordon, M.D., SIadison, Wis. 

Preoccupation with atherosclerosis as an important human disease accounts 
for the widespread interest in cholesterol and a variety of methods that have 
been devised to alter blood cholesterol levels. Of these methods, one ol 
most interesting has been the addition of essential fatty acid supplements (EFA; 
to the diet. Special interest in diabetic subjects has resulted from (1) the 
recognized accelerated rate of development of atherosclerosis in diabetics, (2) 
the report of Holman that diabetic animals have an EFA requirement signifi¬ 
cantly higher than that of normal controls, and (3) the tendency for many dia¬ 
betics to have elevated blood cholesterol levels. 
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Fouiteui bo\eie diabetic patients of both sc\es, laiiging in age fioiii 19 
to 54, have been studied o\ei a peiiod of 7 months AU subjects aie suffeiing 
fiom diabetic \asculai complications of the Kimmclstiel'Wilson t-\pc and many 
ha^c se^ele loss of vision EPA Ins been admimsteicd in the foim of safflowoi 
oil in a dose of 30 ml inoiiiing and c\cmu^ accompanied bj an isocaioiic 
leduction in the fat of their diabetic diets Alcasuiements ha\e been made 
seiiallj of total, fiee and esterified cholesteiol, total content, and iodine numbci 
of circulating plasma fat Caieful clinical obsei\ations ha\e accompanied 
these laboiatoij studies 

Blood cholesteiol lc\els haae been consistentlj and significantly lo\veicd 
m all subjects No significant change m the fiee/estei latio has been noted 
Total ciiculatnig blood lipids ha\e iisen piogicssneK m most instances and 
no consistent change (use) in iodine numlici of these fats has oceiiiied U1 
patients ha\e been impio\ed clinicalh No spontaneous letinal hemoiihages 
haie oeciured in any patient since EPA supplements neie staited and toui 
niquet tests initially stiongly positive, have become less positive and in a few 
instances, negative Insulin lequucmcnts have tended to deeicase slightlj 
The possible significance of these obscivations will be discussed 

47 RETROGRADE AORTIC CATHETERIZATION IN VORTIC 
STENOSIS 

E W Green, JID (By Invitvtion), \nd R P Ziegi er, D , Detroit 'Micii 

Tlie piecisc detcimination of vaiious dcgices of aoitic stenosis lequiies 
diiect measuicment of the piessuic giadicnt across the valve It seemed tech 
nically advantageous paiticulaily in infants and childxen, to measuie this 
giadient by retrogiade catheteiization of the aoita and left ventiicle fiom the 
right biachial aiteiy This pioccdure was performed successfully, without 
morbidity and moitality in 15 eases of aortic stenosis rangmg m age from 10 
weeks to 22 yeais Pioni this approach it was possible to e\ploie both ascending 
and descending aoita, which pioved the piessuic, location and degiee of asso 
ciated coaictation in 3 cases In enteung the left vcntiiclc constant caxe with 
fluoioscopic visualization and simultaneous picssuie monitoiing was eveited to 
first outline the exact position of the valve and then to pass it witliout trauma 
tiziiig the coionary aiteiies Ventnculai iintabihty was notably absent as long 
as catheterization of this chamber was done with care 

In addition to the quantitative physiologic mfoimation provided this 
teclmiquc has established by electiocaidiogiaphic correlation a foundation 
for the more accurate clinical detcimination of the presence degiee, and 
hemodynamic type of left ventricular enlargement In combination with right 
heait catheterization it has also proved to be of impoitanee in detecting and 
evaluating the presence of combined valve lesions such as pulmonary and aortic 
01 mitral and aortic stenosis, particularly when othei signs such as those 
indicative of combined cardiac chambei enlargement may be equivocal or absent 

48 A PITUITARY PROSTATE RELATIONSHIP NOT 3IEDIATED B\ 
THE TESTIS AS REVEALED BY STUDIES WITH 
TESTOSTERONE IN THE JIALE RAT 
David S Greer, MD, Chicago, III 
(Introduced b\ Richard L Landau, !MD ) 

After the subcutaneous admmistration of a physiologic dose of testosterone 
4 C'* to intact, costiated, and hvpophysectomizcd castiated, pubescent male lats, 
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greater concentrations of radioactivity ivere detected in the prostate and other 
male accessory glands than in nonsex-linked tissues. The evidence gathered 
suggests that the radioactivity detected in the prostate represented the 
androgen or a rather immediate metabolic tliereoC. 

In intact rats and in rats castrated 2 or 3 days the prostatic concentration 
of radioactivity averaged 2.5 to 3.0 times that in tissues regarded as “androgen 
independent” (e.g., tongue). The radioactive isotope could not be removed 
by perfusion with normal saline. Cannulation of the bile ducts to eliminate 
hepatic metabolites and intestinal degradation products of testosterone did 
not diminish the avidity of prostatic tissue for the isotope. The injection of 
cholesterol-4-C^^ as a control steroid did not yield similar concentrations of 
tissue radioacthdty. 

Hypophysectomy 3 days prior to the administration of testosterone- 
4-C“ lessened the attraction of the prostate for the androgen derived isotope. 
The mean concentration of radioactivity in the prostates of 2-day castrated 
animals was 14.7 disintegrations per minute per 10 mg. wet weight, whereas 
the mean concentration in prostates of hypophysectomized castrated animals was 
9.9 disintegrations per minute per 10 mg. wet weight. A comparison of the 
ventral prostate/tongue ratios of radioactivity (a device employed to cancel 
the effects of variations in the concentration of circulating isotope on its localiza¬ 
tion in both prostate and “androgen-independent” tissues, as well as to 
emphasize the “specific” localization in prostate) delineated the two groups 
of animals even more sharply. The mean ventral prostate/tongue ratio in 
castrates was 2.87; in hypophysectomized castrated rats, 1.62 (p value < 0.001). 

These data suggest that the localization of androgen by male accessory 
tissues may be an important facet in the endocrine control of their growth and 
metabolism. The impairment of this localizing process in hypophysectomized 
castrated rats points to a mechanism by which the pituitary could influence 
the prostate by means other than stimulation of the testis. 

49. INHIBITORY EFFECTS OF STEROIDS ON THE GROWTH OP 
UTERINE FIBROBLASTS: THE ISOLATION OF 
STEROID-RESISTANT VARIANTS 

B. I. Grosser, and H. E. Swim, Ph.D., CuEVELaVND, Ohio 
(Introduced by R. P. Parker, M.D.) 

The effect of steroids on the proliferation of mammalian cells cultured in 
vitro has been investigated. Uterine fibroblasts, strain U12-79, were propagated 
in a defined medium supplemented with 5 per cent dialyzed horse serum 
(medium 79). To examine the effects of steroids on growth, U12-79 was 
propagated serially for periods of 3 weeks (3 subcultures) in medium 79 con¬ 
taining a single steroid in concentrations ranging from 0.1 to 25 /ig per milli¬ 
liter. Cells exposed to corticosterone, desoxycorticosterone, estradiol, estriol, 
hydrocortisone, progesterone, or testosterone at a concentration of 25 /xg de¬ 
generated over a period of 2 to 7 days. Hydrocortisone and corticosterone in¬ 
hibited growth at concentrations as low as 0.1 /ig per milliliter whereas the 
remaining steroids reduced proliferation only at levels of 5 /xg per miUiliter. 
Inhibition of groivth in the presence of steroids was accompanied by cytologic 
changes. In view of the fact that a population of U12 cells has been shoivn to 
contain nutritional variants (Swim, H. E., and Parker, R. P.: Fed. Proc. 16: 
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435, 1957) the possibihtj that steioid resistant %ariants weie also piesent was 
investigated Cells were tieated with either hydiocoitisone oi testosteione at a 
concentration of 25 /ig per millihtei Undei these conditions, the cells gradu 
ally degeneiated until it appealed tliat all of the cells weie involved The 
legulai schedule of fluid leplacemeiits was continued and subsequently a few 
healthy cells weie noted in the eultuies and then piogeny continue to proliferate 
at essentially the same rate in the picseiice of steroid as that of tlie U12 79 stiaiii 
in medium 79 Previous e\peiiments (Sweat, i\I L, Giosser, B I, Nabois, 
C J, and Swim, H E Fed Pioc 16 258, 1957) indicate that hydrocortisone 
is metabolized by stiaiii U12 79 Studies are now under way to determine 
whetlier the metabolism of hydroeoitisonc by the resistant %aiiant differs from 
that of the sensitive U12 79 strain 

50 THE STIMULATORY EFFECT OP '^ANEMIC PLASMA ’ IN 
CONGENITAL HYPOPLASTIC ANEMIA 

Clifford AV Gurney, ME (By Invitation), Mil.v I Pierce, MD (Ba 
Invitation), Stanley E Schrier, MD (By Invitation) Paul E Carson, 
MD (By Invitation), and Leon 0 Jicobson, MD, Chicago, III 

Congenital hypoplastic anemia is a chionic anemia appealing in the fiist 
few months of life, charactei ized by a noimoehiomic anemia, persistently low 
leticulocyte count, and mariow hypoplasia confined to the erythrocytic series 
It IS usually refractoiy to theiapy othei than repeated transfusions Our 
studies of the hormonal legulation of erythiopoiesis led us to consider the 
possibility that a deficiency of an essential plasma factor might be responsible 
foi erythroid hypoplasia in tins disease This hypothesis was tested by observ 
ing the effects of ‘‘anemic plasma” in two patients with congenital hypoplastic 
anemia “Anemic” rather than normal plasma was used because we demon 
strated previously the increased eiythiopoictic stimulating properties of such 
plasma Donors of the same blood type as the patients weie bled until their 
hcmatociit rallies reached 25 per cent “Anemic plasma” was then haivested 
daily, the packed cells being returned to the donors to prevent further fall m 
then hematocrits 

Daily infusions of approximately 300 ml of “anemic plasma” weie given 
to two patients with congenital hypoplastic anemia After 5 infusions, the 
leticulocyte count exceeded any values lecordcd prernously for either patient, 
using to 4 0 per cent after 8 infusions in one patient and 3 4 pel cent aftei 6 
infusions in the othei Iliac maiiow aspiiations were performed prioi to the 
onset and again upon teimmation of the comse of the infusions In the fiist 
patient, who responded with a transient use ni hemoglobin as well as a reticu 
locytosis, the maiiow showed incieased numbcis of pioeiythroblasts and all 
stages of noinioblasts In the second patient, no use in hemoglobin accompanied 
the ictieulocytosis, and maiiow changes weie less stiiking although early 
noinioblasts weie incieased 

We conclude that some Xactoi picsuit m “diieiuic plabiiia” is capable of 
stimulating ei vthiopoiesis in congenital hypoplastic anemia This finding sug 
gests congenital hypoplastic anemia is the lesult of a congenitally determined 
deficiency of some essential plasma factoi Cuiient investigation is diiected 
towaid elucidating the natuie of this factoi and its possible relationship to 
eiytlnopoietin, the eiythiocyte stimulating hoimone 
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51. EFFECT OF CHANGE IN BLOOD FLOW EATE UPON RENAL 
VASCULAR RESISTANCE 

F. Haddy, M.D., Ph.D., J. Scott, M.S., M. Fleishman, M.D., and 
D. Emanuel, M.D., Fort Knox, Ky. 

(Introduced by Craig W. Borden, M.D.) 

It has long been known that renal vascular resistance increases progressively 
as arterial pressure is raised in the range 80 to 200 mm. Hg. This accounts for 
the miique capability of the kidney to keep its blood flow rate constant despite 
large changes in arterial pressure. The response has been variously ascribed 
to active vasoconstriction, passive vasoconstriction, absolute blood viscosity 
increase, and dynamic blood viscosity increase. In an attempt to define the 
mechanism responsible for the resistance increase, tlie effect of changing flow 
rate in the range 25 to 180 ml./min. upon renal vascular resistance was studied 
in 82 pentobai’bitalized laparotomized dogs. Flow rate was varied by interpos¬ 
ing a blood pump in the right renal artery. On the average, resistance pro¬ 
gressively decreased when blood flow rate ivas raised from 25 to 75 ml./min. 
and progressively increased when raised from 75 to 180 ml./min. However, 
intraindividual and interindividual comparisons showed the onset of the re¬ 
sistance increase to be flow rate independent but pressure dependent. The onset 
alwa 3 '’s occurred at mean arterial pressures between 50 and 100 mm. Hg regard¬ 
less of the flow rate. This relationship between resistance and pressure was 
unchanged by e.vtrinsic nerve section, destruction of circulating catecholamines, 
local sympathetic nerve blockade, local paras^unpathetic nerve potentiation, 
increased CO 2 tension, and [H*] and decapsulation. The resistance increase 
was abolished and replaced bj'" a progressive resistance decrease during blood 
perfusion when dextran was intermittently used as the perfusate. The resist¬ 
ance increase was not observed in dextran perfused kidneys and in blood per¬ 
fused dead kidneys. Elevation of arterial pressure by increasing blood flow 
rate failed to significantly increase lymph flow rate from cannulated hilar lymph 
vessels. Winton, Gottsehalk, Swann, and Sliles have separatelj’- shown that 
elevation of renal artery pressure is accompanied by no or relatively little 
change in interstitial pressure. These observations indicate that the resistance 
increase results from active vasoconstriction. The vasoconstriction appears to 
be caused by some effect of an increase in arterial transmural pressure acting 
directly upon vascular smooth muscle. 

52. THE EFFECT OF ANTIBIOTIC COMBINATIONS UPON STAPHY¬ 
LOCOCCI, WITH SPECIAL REFERENCE TO OLEANDOMYCIN 

Wendell H. Hall, M.D., Ph.D., and Harold Elliott, B.A. (By Invitation), 

hllNNEAPOLIS, JdiNN. 

In a previous report we demonstrated the activity of 12 antibiotics in 6G 
paired combinations against 30 hospital strains of Staphylococcus aureus. Ac¬ 
tivity \vas measured bj' broth dilution with subcultures and by paper sti’ip-agar 
diffusion with replica iilating. Addition of antibacterial activities of antibiotics 
was frequent but true .synergism and antagoni.sm were rare witli tliese rather 
resistant liacterial straiiLs. 
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Kcceiit claims foi sjncigism ol letioii Avitli do) i\ in cmeigcnce of icsistancc 
piompted studies with the new antibiotic oleandoin\cin, in combination with 
^allous othci antibiotics 

Though lathei lesistaiit to penicillin and tetnc^cllno, most of the 30 stiains 
of staphylococci were inliibited in bioth b\ a smallei concentiation of Sigmamy 
cm (oleandomycin Ya plus tctiac-vchiic %) AP (oleandomjcm ^ plus peni 
cillin G Yz) and APG (AP % plus penicillin G Yi) tlian ba oleandomycin, 
tetiacycline, or penicillin These antibiotic combinations also showed addition 
of giowth inhibition on agai plates when tested indiMdualh and with bacitiacin 
chloramphenical, erythromjem, no\obiocin iicom\cin, and ■vancomjcin An 
tagonism was exceedingly laie and tiue smeigism was ncvei obsericd on agar 
plates Oleandomycin was less actne than civthiomvcin 

Contiaiy to early lepoits, oleandomycin combinations pio\ed to show little 
addition of antibacteiial activity against resistant bacteiial stiains 

A few stiains of susceptible staphylococci wcie made lesistant to individual 
and paiied antibiotics by lepeated exposuie to doubling concentrations in bioth 
Resistance deaclopcd rapidly and to high concentiations with the single anti 
biotics streptomycin, eiythromycm, oleandomycin, and vancomycin Resistance 
to penicillin and to neomycin developed slowly and to relatively low concentia 
tions with most bacteiial stiains, though a few lapidly became highly lesistant 
Jlixtures of equal paits of these antibiotics m pairs weie also used Vancomycin 
with oleandomycin oi ciythromvcm did not retard lesistance Stieptomvcm 
slowed modelately the rate of resistance to both oleandomycin and erythromycin 
Contiaiy to expectation, oleandomycin maikedlv slowed the rate of lesistance 
to the closely iclated antibiotic, civtluomycin 

Antibiotic combinations aie useful in staphylococcal infections, especially 
if antibiotic susceptibility tests aie lacking Addition of antibacterial activities 
may be helpful and cmeigeiicc of resistant stiains may be retarded by a piopei 
selection of antibiotics jMixtuies of similai antibiotics may piove more useful 
than has been appaient hitheito 

53 CIRCULATORY DYNAMICS IN ACUTE GLOMERULONEPHRITIS 

Harper K Hellems, MD, Valentino DePvzio, MD (By Invitition), 
Yoshikvzu l\roRiTV, D (Bv Invitvtiox), RviiiOND C Christensen MD 
(Bx Invitvtion), vnd Lfsevi J Bvfr MD (Bx Invitation), Deiroh AIich 

Although heait failure is the most common cause of death in the initial 
stage of acute gloineiulonephutis, its pathophysiology is pooily defined To 
detcimine the circulatoiy abnoimalitics present in this disease, hemodymamic 
studies, employing the technique of caidiac catheteiization, have been earned 
out in 6 patients with typical clinical and labor atoiy findings of acute glomeiu 
lonephiitis of a few days’ duration Patients were studied in the lesting state 
At the time of study, all patients had elevated blood prcssuies, 5 were 
edematous, 2 had pulmonaiy congestion In 5 of the subjects, including both 
patients with pulmonary congestion the aim to tongue circulation time was 
within normal limits 

In 2 patients oxygen consumption was slightly elevated, but was noimal 
in the lemaming 4 The aiteiiovenous oxygen diffeience ranged from 25 7 to 
42 5 ml/L with a mean of 317 ± 26 (s e m) The cardiac index langed 
fiom 4 43 to 7 08 L /min /Mwith a mean of 5 18 ± 0 40, a value significantly 
above the normal 
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In all patients the piilmonary “capillary” pressure was elevated, ranging 
from 14 to 39 mm. Hg Avith a mean of 23.3 ± 3.7, indicating a high left ventricu¬ 
lar filling pressure. The pulmonary artery and right ventricular systolic pres¬ 
sures were abnormally high in each and right ventricular filling pressure Avas 
significantly increased in 4 of the 6 patients. 

Although all patients Avere hypertensive AArith brachial artery mean pres¬ 
sures ranging from 136 to 182 mm. Hg, the calculated total peripheral resistance 
Avas Avithin normal limits (range 1,100 to 1,502 dynes/sec./em.“®, mean 1,303 ± 
126), indicating that the hypertension in this high output state is independent 
of any significant reduction in the total cross-sectional area of the peripheral 
vascular bed. Total left ventricular and left ventricular stroke Avork Avere 
markedly elevated. Two patients studied after diuresis had occurred shoAved 
entirely normal circulatory dynamics. 

In conclusion, in the edematous stage of acute glomerulonephritis there is 
a high cardiac output Avitli associated increase in ventricular filling pressures 
suggesting that these patients have a high output type of heart failure. 

54. CLINICAL AND METABOLIC CHANGES INDUCED BY GLUCAGON 
IN PATIENTS WITH EHEUIMATOID AETHEITIS 

0. M. Helmeb, Ph.D., W. E. Ejrtley, M.D., and A. S. EmoLFO, Ph.D., M.D. 

(By Invitation), Indi.\napolis, Ind. 

In our laboratories Ave have been studying the effects of glucagon on carbo¬ 
hydrate and protein metabolism. One of the most striking effects of its adminis¬ 
tration is the loAvering of amino nitrogen in the blood of human subjects and 
experimental animals. The change in amino nitrogen of the blood is greater 
than that of glucose. The effect of glucagon on protein metabolism does not 
appear to be mediated through the adrenal glands, since in adrenalectomized 
rats the fall in amino nitrogen is of the same order as in the intact animal but 
is not as sustained. 

Salter and Best have also demonstrated that glucagon has a protein cata¬ 
bolic effect, and on this basis they administered glucagon to patients Avith 
rheumatoid arthritis. These investigators observed that an anti-infiammatory 
effect accompanied the protein catabolic action. 

With hope of throwing more light on the metabolic mechanisms concerned, 
12.5 mg. of crystalline glucagon was given intravenously over a period of 10 
hours to 3 patients Avith rheumatoid arthritis. Each patient received infusions 
for 3 consecutive days. Of the blood constituents examined, the decrease in 
amino nitrogen Avas of greatest magnitude, greater than that of rise in glucose. 
In the urine there Avas an increased excretion of nitrogen, phosphate, 17-OS 
corticoids, and uric acid during the infusion period Avith variable appearance 
of ketone bodies. There Avas minimal glycosuria. 

Subjectively, all patients volunteered that there Avas diminished pain, 
increased joint motion, and a continued feeling of Avell-being for periods up to 
7 days after the discontinuance of thei'apy. One patient whose disease Avas in 
the acute phase also demonstrated decreased redness of joints. Untmvard 
symptoms were limited to nausea and loss of appetite Avhieh occurred through¬ 
out the period of infusion. 

Because of the nausea and short duration of action, glucagon in its present 
form appears to haA'^e no practical Amlue in the treatment of arthritis.^ HoAVever, 
it is possible that further experimental study may not only shed light on the 
basic mechanism of inflammation but also increase our knowledge of protein, 
carbohydrate, and energy metabolism. 
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55 PROTEIN REQUIREMENTS IN CHRONIC RENAL INSUPPICIENT 

PATIENTS 

A STUD\ of the NiTROGFN illNIMUil 

Richard P Herndon, MD (By Invitviion), Smith Frfemvn, MD, PhD, 
AND Anne S Clevel\nd, PhD (B\ ImixmoN), Chicago, III 

The protein lequiiement foi nitiogen equilibiinm Mas estimated fiom 
nitiogen balance studies on fi\e clironic lenal insufficient patients and one 
healthy subject The minimum nitrogen lequiiemeiit foi nitiogen balance in 
the renal insufficient patients exceeded that of a healthy subject 

The inciease in protein lequnemciit foi nitiogen balance seemed to be 
gieatest in patients uith the most adianced lenal msufficiencv Wliether this 
Mas due to a geneially ieduced efficiency in protein utilization oi to incieased 
requnements foi some paiticulai ammo acids is not knoMTi 

The addition of glycine and a mixture of both d and l foi ms of the 8 
essential ammo acids according to Rose lesulted in nitiogen loss out of propoi 
tion to the increased nitiogen intake, supplementation with l methionine le 
suited in a nitrogen loss incieascd m piopoition to the increase in nitiogen 
intake and no protein spaimg effect could be demonstiated The addition of a 
mixture of l ammo acids composed of 75 pei cent leucine 15 pci cent jsoleucme 
8 pel cent methionine and 3 pei cent phenylalanine lesulted in a modest 
nitiogen sparmg effect in one patient and no effect in tMo otheis 

56 THE INTERPRETATION OF ELECTROLYTE CONCENTRATIONS 
OBTAINED DURING INTRAVENOUS ELECTROLYTE INFUSIONS 

Carl R Hines, M D , Chic vgo, III 
(Introduced by Sheldon S Wildstein, MD ) 

In the management of patients with electrolyte abnoimalities, an mtia- 
venous repaii solution is often stalled before blood samples are obtained foi 
analysis The significance of the lesults of these subsequent electiolyte de 
teinimatioiis is therefoie questioned This experiment was designed to study 
this situation in normal subjects pielimmary to study of patients ivith electrolyte 
abnormalities 

Five bundled milliliteis of a solution containing 155 mEq/L of sodium 
chloride and 40 mEq/L of potassium chloiidc were admmistered mtraienously 
to each of 20 normal, fasting adults This Mas gnen at a constant rate m 
exactly 2 hours Blood was obtained fiom the opposite extiemity prior to and 
30, 60, and 120 mmutes aftei the stait of the infusion The microhematocnt 
and serum sodium, potassium, and chloiide concentrations weie determined m 
each blood specimen 

The data weie submitted to an analysis of vaiiancc The following changes 
were found to be statistically significant at the 5 per cent level a decrease in 
the liematociit and an lucieasc in the seium potassium which peisisted duimg 
the entire infusion, and an mciease in the seium chlonde coiicentiation 1 and 
2 hours following the stait of the infusion Theie Mas no significant change 
ui the seium sodium concentiatiou 

The maximal vaiiations of the means weie hcmatociit, 3 pei cent, seium 
potassium, 0 38 mEq/L , and seium chloiide, 1 9 mEq/L If true in abnormal 
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patients, as well, variations of this degree would be unlikely to alter the diag¬ 
nostic appraisal. This demonstrates very rapid and nearly complete mixing 
of infused eleetroljdes in normal patients. 

It is concluded that intravenous administration of sodium and potassium 
chloride at the concentrations and rate described to normal adults does not alter 
significantly, the hematocrit or serum sodium, potassium, and chloride concen¬ 
trations in blood obtained during the course of the infusion. 


57. A CHEOMATOGRAPHIC STUDY OP THE CHEMICAL STRUCTURE 

OP HUMAN SERUM LIPIDS 

Jules Hirsch, M.D., William Insull, Jr., M.D., and Edward H. Ahrens, Jr., 

M.D., New York, N. Y. 

(Introduced by Irvine H. Page, M.D.) 

Adsorption chromatography with silicic acid is a valuable method for 
separating the components of many complex lipid mixtures. Recent modifica¬ 
tions of this method involving the special selection and preparation of adsorbent 
and the use of gradient elution render it particularly applicable to the separa¬ 
tion and chemical characterization of the components of human serum lipids. 
Preliminary studies with other adsorbents indicate that such chromatographic 
separations may be accomplished by a rapid and automatic means. 

These techniques demonstrate the existence of the following classes of 
lipids in the serum; hydrocarbons (carotene), cholesterol esters, triglycerides, 
nonesterified fatty acids, cholesterol, and phospholipids. The phospholipids are 
further separable into three substances corresponding to: cephalins, lecithin, 
and sphingomyelin. In a large number of normal and abnormal sera, no 
diglyeerides or monoglycerides can be found; but, during the heparin-induced 
clearing of lipemic serum, small amounts of tliese substances are present. 

The complete separation and quantitative recovery of cholesterol esters, 
triglycerides, and phospholipids enable the isolation of the fatty acids present 
in each of these groups. The further analysis of these fatty acids by gas-liquid 
chromatography completes the chemical definition of the serum lipids. 

Previous studies have shown that the formula feeding of single, well- 
defined fats to human subjects produces predictable alterations in the concen¬ 
tration of the serum lipid classes. The complete analysis described above shows 
striking variation of the fatty acid composition of each lipid class in response 
to such dietary manipulations. This is most marked in the triglyceride fatty 
acids, but the cholesterol esters and phospholipids also show distinct changes. 
Thus, the feeding of a corn oil formula following a butter formula more than 
doubled the linoleic acid content of the cholesterol esters and phospholipids, 
but the amount of linoleic acid in the triglycerides was increased eleven fold. 

58. APPARENT STIMULATION OP THYROID ACTIVITY IN MEN FED 

AN UNUSUAL DIET 

Robert E. Hodges, M.D., and Titus C. Evans, Ph.D., Iowa City, Iowa 
(Introduced by IIenra' E. Hamilton, j\I.D.) 

A group of 6 healthy young men was fed a formula composed of purified 
casein, corn oil, carbohydrates, vitamins, and minerals. This strange diet has 
been used by us in previous studies of pantothenic acid deficiency. In this 
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experiment the men were divided into 3 pairs. All 6 were fed the basic foraiula 
for 12 weeks, but 2 men ser-vnng as controls received pantothenic acid. The 
other 4 men were deprived of tliis vitmain, and 2 of those were given an anti- 
metabolite of pantothenic acid. 

TlijToid function te.sts Avere performed to ascertain any possible aberrations 
from normal, although none were expected. Tlie rcsponse.s, while surprising, 
were unrelated to pantothenic aeid or its antagonist, since they were similar in 
all 6 men. 

The protein-bound iodine values whieli initially averaged 5.2 gamma per 
100 ml. of blood, began to rise by the fom*tli Aveek, and averaged 11.8 by the 
.sixth week of this diet. At the same time the uptake of radioactiA'e iodine 
began to rise. Initially the 24-hour uptake a\'eragcd 13 per cent, but this in¬ 
creased steadily to 32 per cent by the end of the study 

Clinically the men remained eutliA*roid. Their tliAToid glands did not 
enlarge and their temperature, puise, and body weight remained constant. 

It became apparent that here was a phenomenon not readily explained by 
our concepts of thyroid metabolism. The only other significant biochemical 
change was a prompt decrease in the serum cholesterol from average A'alues of 
215 to 134 mg. per cent. Tliis is a normal response to a diet containing highly 
unsaturated fats. 

One further consideration arose. The formula Avas assayed for its content 
of iodine and found to bo low (less than 0.2 mg. per day). Iodine deficiency is 
knmra to pvoUuee goiter and to inereaso the radhhdine uptake temporarily, hut 
AA’ould the protein-bound iodine also rise? 'NVe detennined tlie ratio of botind 
psi in each man and found it to be normal. 

We haA*e considered seA-eral possible explanations for this effect but none 
seems satjsfactoiw. Could unsaturated fats alter the transport of iodine? 
Perhaps our future studies will reA’cal Avlicther this is fact or artifact. 

59. A SURVEY OP THE RELIABILITY OP THE DISK TEST POR 
ANTIBIOTIC SENSITIVITY IN NINE TEACHING 
HOSPITAL LABORATORIES 

R. V. Hoffman, 3I.D. (By Invitation), G. G. Jackson, iI.D., and il. P. 

Turner, M.S. (By Invitation), Chicago, III. 

Commercial paper disks for determining bacterial sensitivity to antibiotics 
are in common use. Their results haA'e considerable influence upon physicians 
and the treatment of patients. ScA'cral studies from individual laboratories 
have .supported or challenged the A'alidity of the test. In the present investiga¬ 
tion standard strains of fiA'e different bacterial genera were tested by the routine 
disk method in the laboratories of nine teaching hospitals and by tAvo modifica¬ 
tions of the tube dilution method, ilajor discrepancies occurred in the results 
from different laboratories in up to 25 per cent of the tests and for indmdual 
laboratories in the relation of the results to those obtained by the tube dilution 
method. The disk test u.sually showed greater sensitiAUty than the correspond¬ 
ing tube dilution test. The finding of resistance Avas more reliable. Over-all, 
21 per cent of strains reported as seiisitiA'C and 53 per cent of those found 
moderately sensitive by the disk lest Avere not inhil)itcd by 10 /ig/ml. Avliilc 
11 per cent of strains rej)orted a.s resistant and 31 per clmU reported as moder¬ 
ately resistant Avere sii.sceplililc to this concentration or le.s.s. There Avorc marked 
differences in the correlation of the results for different antibiotics. False 
sensitivity Avas common Avitli streptomycin, chloramphenicol, and polymyxin, 
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whereas false resistance was a more common finding with Anreomycin and 
tetracycline disks. Important differences also were observed among the bacterial 
species. 

The data illustrate the limited I’eliability of depending upon the results of 
routine sensitivity tests in the selection of an antibiotic for therapy. The dis¬ 
cussion will include the areas of confidence and independability in the clinical 
interpretation of the tests. 

60. A CEITICAL STUDY OF BALL-TYPE EAE PEOTECTOES 

Eaymond P. Holden, Jr., M.D., and Kenneth G. Hink, B.S.E.E. (By Invita¬ 
tion), Wichita, K.yn. 

In comparing the effectiveness of devices used for the protection of workers 
against industrial and jet engine noise, promising results have been obtained 
with a modification of an old design (Plessner, 1885). This modified design, 
which comprises essentially an anodized aluminum sphere with an adjustable 
nylon retention knob, has been compared under laboratory conditions with two 
conventional t3rpes of insert ear protectors (bullet and V-51E designs) in 12 
adults with normal hearing. 

Subjects were tested individually in an efficient sound absorbent room 
measuring approximately 10 by 12 by 7 feet. A psychoacoustic method of 
testing was used; i.e., each subject’s absolute threshold of hearing was deter¬ 
mined before and after inserting ear protectors, the difference being the attenua¬ 
tion afforded by the device under test. Attenuations for each type of ear 
protector were measured in this manner for noise, octave band widths of noise, 
and tones. Speech reception thresholds in quiet and noise were measured, using 
recorded spondee words. The subjects received instructions and sound presenta¬ 
tions through loudspeakers located -within the sound absorbent room, and 
signaled awareness thresholds to observers in an adjoining control room. 

It was apparent from the experimental data that the criteria employed in 
selecting the subjects (pure tone audiograms and otoscopic examination) did 
not insure uniformity of threshold responses, which displayed a definite tend¬ 
ency toward random distribution. By using analysis of variance techniques, it 
was possible to study the effects of the ear protectors independent of the effects 
due to subject differences. These studies indicated that the order of decreasing 
effectiveness for the ear protectors was: (1) ball-type, (2) bullet-type, and 
(3) V-51E type; octave by octave within the 20 to 9,600 c.p.s. range. The same 
was true for the speech range, 600 to 4,800 c.p.s. for white noise, and for pure 
tones. Attenuation of speech reception in quiet tended to be somewhat less than 
attenuation of white noise. Speech reception in noise appeared to be slightly 
improved and to about the same extent by all the devices tested. 

It was concluded that the ball-type ear protectors were more uniformly 
effective than the other types which were examined. 

61. A NEW EEYTHEOPOIETIC SUBSTANCE DEEIVED FEOM LIVEE 
Daniel L. Horrigan, M.D., Cleveland, Ohio 

Previous communications have described two patients with hypochromic 
anemia which was refractory to the usual hematopoietic agents but which re¬ 
sponded to the oral administration of liquid extract of liver (Valentine). This 
anemia was accompanied in both patients by elevation in serum iron levels, 
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winch becdine noimal dining lesponse to tlieiap}’’ The erythrocytes showed 
marked vaiiation in size, shape, and coloi saturation The bone mairow showed 
eiythroid hypeiplasia with matmation aiiest at an eiythioblastic level The 
clinical characteristics of this anemia weie \ciy siinilai to those of a recently 
leported patient with anemia response e to pyiidoxine but not to oral crude 
Ii\ei extiact 

A pieviously uniecogmzed and as 5 et unidentified eiythropoietic substance, 
which produces a hematologic response in one of these patients, has been isolated 
from the crude liver extract Proccduies foi the isolation of the active material 
include alcohol piecipitation and ethyl acetate extraction of the crude extract 
followed by ion exchange and papei chromatogiaphic techniques Activitv in 
vaiious fiactions is demonstrated in the anemic subject by reticulocyte lesponse, 
lapid erythiocyte regeneiation, and deciease in seium iron concentiation to 
iioimal values Hematologic lelapse m about foui months regulaily follows 
cessation of therapy 

Tiom 90 ml of the ciude extract (equivalent to approximately 680 Gm 
of unpiocessed li\er) about 10 mg of the active material is obtained this 
amount when given by mouth daily foi 10 days pioduces an optimal hema 
tologic lesponse in the anemic subject A suboptiinal iespouse may follow daily 
oral doses of as little as 0 25 mg for 10 days 

Although the natiuc of tlie active substance remains unknown, its ultra 
violet spectial characteiistics and microbiologic activity do not suggest an 
identity with any knowm erythropoietic agent, including pyridoxme and its 
derivatives Acid hydrolytic studies suggest a polypeptide structure within 
the molecule 

The morphologic chaiacteiistics of the anemia in this patient suggest a 
metabolic defect in hemoglobin syntliesis Also, the small amount of the active 
substance lequired to coirect the anemia suggests that it is a cofactoi The 
natuie of this substance may furthei elucidate metabolic processes imolved rn 
hemoglobin synthesis 

62 HYPOGAJIMAGLOBULINEIMIA AND CHRONIC LYMPHATIC 
LEUKEMIA 

Robert P Hudson, MD (By Inmtation), and Sloan J Wilson, MD , 
Kansis City, Kan 

Patients with chronic lymphatic leukemia (CLL) have decreased lesistance 
to infection Rundles, Cooniad, and Aiends (IQS-i) found hypogammaglobu 
linemia in one of 15 patients with CLL Jim (1957) found hypogammaglobu 
linemia in 34 per cent of 50 CLL patients, but made no attempt to coirelate the 
clinical couise with this finding T]iis study was undeitaken to determine the 
incidence of hypogammaglobulinemia in patients with CLL and to correlate this 
decrease with (1) duiation of disease, (2) type and amount of therapy, and 
(3) incidence and severity of infectious complications 

Porty consecuti\e patients (Group A) with CLL weie studied All had 
been followed at the University of Kansas since diagnosis Nineteen patients 
with chronic myelogenous leukemia and 7 with polycythemia lera (Group B) 
were also studied 

Electrophoresis was by filter paper stiip using Spinco apparatus and scan 
ning with an Analytiol Normal gamma globuhn by this method is 16 5 pei 
cent with a lange of 12 1 to 20 9 per cent Values less than 6 per cent were 
teimed severe hypogammaglobulinemia 
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PAS, and was continued until the time the patient was discharged approximately 7 weeks 
later. The temperature remained at 100.5 to 101° P. (rectal) during the first week of Rimi- 
fon treatment, then fell to normal limits of 99.6° P. Thereafter the patient was afebrile. 

Additional laboratory studies revealed that the patient’s serum which was first tested 
with mycotic antigens on the fifteenth day of illness fixed complement to a dilution of 1:80, 
and had a collodion agglutination titer of 1:40 with antigens of Hhtoplasma capsulatim. As 
shown in column 1, Table I, complement-fixing antibody was demonstrable at this level with 
the soluble yeast phase antigen through the fourth week of hospitalization, after which the 
titer decreased steadily to 1:10 during the following 4 months. However, the collodion 
agglutination test was still positive in a serum taken approximately 6 months after onset. 
Cultures of a sputum specimen collected 21 days after onset yielded H. capsulatum. On 
the other hand, direct cultures as well as those made from the spleens and livers of Swiss 
albino mice injected with a sputum specimen obtained 4% months after onset wera negative 
for this agent. The patient’s skin test was positive to Histoplasmin when this test was 
made during the sixth month of disease. A tuberculin test with second strength P.P.D. 
was also positive while that with the first was negative. In serial chest x-rays from the 
time of admission through the fourth month there was a gradual diminution of the nodular 
densities throughout both lung fields, as revealed by the film taken on Aug. 26, 1952 (Pig. 3). 

The diagnosis of histoplasmosis was supported by clinical symptomatology, isolation 
of S. capsulatmi from sputum, significant antibody levels to histoplasma antigens in both 
complement fixation and collodion agglutination tests, a positive skin test reaction to Histo¬ 
plasmin and roentgenologic evidence of pulmonary infiltration. 

Case 2. —About one week after the onset of illness in Case 1, that patient’s 32-year-old 
wife, although never hospitalized, became ill. In addition to generalized malaise, her initial 
symptoms were headache, diaphoresis, and anorexia. These were accompanied by tightness 
in the chest and cough productive of purulent sputum, with occasional hemoptysis. There 
was no nausea, vomiting, or diarrhea. Her recovery was uneventful and apparently complete 
within one week, although no specific therapy was prescribed. 


T.vBiiE II. Summary of Serologic Determinations, Culture Studies, and Skin Tests in 

Case 2 (Wife) 



1 COMPLEMENT FIXATION TITER | 




TIME AFTER 
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10 days 
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1:40 

1:10 

H. capsula¬ 
tum 

None 
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— 

1:8 

Negative 

Negative 


»AC = 

Anticomplementary. 





t76 by 

76 mm. erythema; 26 by 
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As shown in Column 1, Table II, a serum obtained 10 days after onset fixed 
ment to a titer of only 1:5 with histoplasma soluble yeast phase antigen. All others in 
serial series on this patient were completely negative for complement-fixing antibody. “ 
the other hand, the collodion agglutination test was strongly positive in the initial specimen 
as well as in those collected on the twenty-fourth and forty-third days. Following t is, 
the reactions with this test gradually became less intense. Cultures of a sputum specime^n 
obtained 15 days after onset were positive for S. capsulatum. However, and as in Case , 
the organism was not recovered either in direct culture or from the livers and spleens of 
inoculated with a sputum specimen collected 4 months after onset. The Histoplasmin 
test, made 6 months after onset, was positive. A single chest x-ray obtained during 
fourth week failed to reveal any evidence of pulmonary infiltration. 
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which beciime normal during response to therapy. The erythrocytes showed 
marked valuation in size, shape, and color saturation. The bone marrow showed 
erytliroid hyperplasia rvith maturation arrest at an erythroblastic level. The 
clinical characteristics of this anemia were very similar to those of a recently 
reported patient with anemia responsive to pyrido.vino but not to oral crude 
liver e-utract. 

A previously unrecognized and as yet unidentified erythropoietic substance, 
which produces a hematologic response in one of these patients, has been isolated 
from the crude liver e.vtract. Procedures for the isolation of the active material 
include alcohol precipitation and ethyl acetate extraction of the enrde extract 
followed by ion exchange and paper chromatographic techniques. Activity in 
various fractions is demonstrated in the anemic subject by reticulocyte response, 
rapid erythrocyte regeneration, and decrease in senim iron coneenti’ation to 
normal values. Hematologic relapse in about four months regularly follows 
cessation of therapy. 

Prom 90 ml. of the crade extract (equivalent to appro.ximately 680 Gm. 
of unprocessed liver) about 1.0 mg. of the active material is obtained; tills 
amount when given by mouth daily for 10 days produces an optimal hema¬ 
tologic response in the anemic subject. A suboptimal response may follow daily 
oral doses of as little as 0.25 mg. for 10 days. 

Although the nature of the active substance remains unknown, its ultra¬ 
violet spectral eharaoteristics and microbiologic activity do not suggest an 
identity with any Imown orythropoietio agent, including pyridoxine and its 
derivatives. Acid hydroljdic studies suggest a polypeptide structure within 
the molecule. 

The morphologic characteristics of the anemia in this patient suggest a 
metabolic defect in hemoglobin synthesis. Also, the small_ amount of the active 
substance required to correct the anemia suggests that it is a oofaotor. The 
nature of this substance may further elucidate metabolic processes involved in 
hemoglobin synthesis. 

62 . HyPOG.bVJIMAGLOBULINEMIA AND CHRONIC LYMPHATIC 
LEUKEMIA 

Robekt P. Hudson, M.D. (By Invitation), and Slo.vn J. 'SVilson, M.D., 
Kansas City, Kan. 

Patients with chronic lymphatic leukemia (CLL) have decreased resistance 
to infection. Bundles, Coonrad, and Arends (1954) found hypogammaglobu¬ 
linemia in one of 15 patients with CLL. Jim (1957) found hypogammaglobu¬ 
linemia in 34 per cent of 50 CLL patients, but made no attempt to correlate the 
clinical course with this finding. This study was undertaken to determine the 
incidence of hypogammaglobulinemia in patients with CLL and to correlate this 
decrease with (1) duration of disease, (2) type and amount of therapy, and 
(3) incidence and severity of infectious complications. 

Forty consecutive patients (Group A) with CLL were studied. All had 
been followed at the University of Kansas since diagnosis. Nineteen patients 
with chronic myelogenous leukemia and 7 with polycythemia vera (Group B) 
were also studied. 

Bleetroplioresis was by filter paper strip using Spinco apparatus and scan¬ 
ning lyith an Analytrol. Normal gamma globulin \>y this method is 16.6 per 
cent with a range of 12.1 to 20.9 per cent. Values less than 6 per cent were 
termed severe hypogammaglobnlinemia. 
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Twenty-eight or 70 per cent of ihc CLL patients had hypogaimnaglobuline- 
mia, the average having 8.2 per cent gamma globulin. Seven fell in the severe 
range and none had elevated gamma globulin. Of Group B, 3 (11.5 per cent) 
exhibited hypoganunaglobulinemia and 3 had elevated gamma globulin. 

The average duration of disease from diagnosis to electrophoretic study 
in the 28 CLL patients with hypogammaglobulinemia was 40.4 months compared 
to 21.8 months in the 12 patients rvith normal gamma globulin levels. Kepeat 
determinations at 4-montli intervals in 12 eases were lower than the initial 
value in every instance. 

Treatment included steroids, urethane, TE]\I, chlorambucil, and 

x-radiation. In general, the more lympholytic therapy received, the lower the 
gamma globulin levels obtained. Since amount of treatment was determined 
largely by disease duration, no valid conclusions could be reached. Three 
patients mth hypogammaglobulinemia had received no treatment. 

Infectious complications in CLL requiring specific treatment occurred 
more frequently in patients with hypoganunaglobulinemia. 

It is concluded that patients Avitli chronic lymphatic leukemia have an 
increased incidence of hypogammaglobulinemia which correlates best with dura¬ 
tion of disease. No conclusion could be reached as to its relationship to therapy. 


Erratum 

In the aiticle by Drs. Irwix J. Fox and E.vrl H. IVooi) entitled “Use of ilethyleiie 
Blue as an Indicator for Arterial Dilution Curves in the Study of Heart Disease,’’ nhich 
appeared in the October issue, pages 598-612, the fifth and sixth lines in the second para¬ 
graph on page 598 should be transposed. 

The sentence should read as follows: “Evans blue dye (T-1824), the indicator 
commonly used, has the disadvantage of causing bluish discoloration of the skin and mucous 
membranes when given in doses exceeding approximately 0.5 mg. per Hlogramrc which, m 
addition to the cosmetic effect limiting the number of curves which may be performed, 
interferes with determination of blood oxygen saturation by oximetry and with the clinical 
evaluation of cyanosis, as, for example, after cardiac operation.’’ 
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A PA3IILY OUTBREAK OF HISTOPLAS'\IOSIS 
I Clinical, L^borvtoby, \nd Follow up Studies 
Kuil P Kolb, 31 D ,* ind Chiblotte C Ciiipbell, B S 
WiSHINGTON, D C 

T his repoit is eonccmed with an outbreak of Jiistoplasmosis in a tainily ot 4 
persons liting in 3Iontgomory County, 3Iaryland, within 5 miles ot the oitj 
limits of Washington, D C As fai as can be determined it is the first outbreak 
to have been detected in that area, although spoiadic cases have been seen in 
the Distiict ot C'ohiiiibia hospitals since 1939 • 

Pieseiited heieiii aie the case histones and loboratoiy findings dining the 
piimary phase of illness and followup i ray, seiologic, and skin test studies 
on 3 of the patients, made 4% to 5 years after clinical recovery The cpidemi 
ologie studies which led to the isolation of Histoplasma capsulatuin horn chicken 
compost to which the patients were esposed are desciibed in a separate icpoit" 

ciSL report 

CvsB 1—-A 33 year old Mhitc maa was admitted to the hospital Maj 3, 1952, because of 
fever of 10 days’ duration History revealed that hia illness began with nausea, vomiting, 
diarrhea, headache, and generalized malaise Three days after onset the gastrointestinal symp 
toms subsided but the headache and malaise persisted He then noted chills and fever, iccom 
pamed by pain over the right lateral chest irhich was aggravated by deep breathing Aureo 
myein for a period of 2 days was prescribed by his private physician but failed to relieve 
lus symptoms 'When Terramycm also failed, hospitalization was recommended 
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Received for publication Nov 15 1956 
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Physical examination disclosed a well-developed, well-nourished white man who appeared 
acutely ill. His skin was flushed and hia temperature was 103° E. His pulse rate was 92 
per minute. He had a blood pressure of 110 systolic and 90 diastolic. There was an exanthem 
over hia forehead. His pharynx was injected slightly and a few scattered rales were heard 
throughout both lung fields. There was no cardiomegaly but a Grade 1 apical systolic murmur 
was heard with the pulmonic second sound being greater than the aortic second. A small tender 
lymph node, 0.5 by 0.5 cm. was feP in liis left axilla but there was no generalized lymphade- 
nopathy. Examination of the abdomen revealed no masses. The spleen and liver were not en¬ 
larged. 



1-—(Case 1 ) Chest x-ray taken 12 days after onset of illness (May 4, 1952) reveals 
nodular and soft infiltrations throughout both lung fields In a miliary fashion. 



1952 

Fig. 2.—(Case 1.) Composite therapy and temperature (maximum for the day) course. 

At the time of admission the hemogram revealed a white blood count of 5,900 with a 
differential of 50 neutrophils, 8 stabs, 45 lymphocytes, 3 monocytes, and 2 eosinophils. The 
corrected sedimentation rate was 32 mm. per hour, the hemoglobin 14 Gm., and the hematocrit 
41 per cent. Urinalysis was negative. Agglutinations for the usual bacterial infections and 
complement fixation tests for syphilis, the psittaeosis-lj'mphogranuloma venereum group of 
viruses, and Q fever were also negative. Bromsulphalein, thymol turbidity, and van den Bergli 
tests all were within normal limits; however, the cephalin flocculation test was 4 plus. Cultures 
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of Sputum and aspirated bone marrow i\cre negate e for acid fast bacilli A chest x ray taken 
the day after admission revealed nodular and soft in«trations of a circuniscnbed nature that 
nere dilTusd^ scattered throughout both lung fields in a miliarv fashion (Fig 1) 

The patient was isolated and treated supportuely until specimens for further laboratory 
tests Mere obtained Treatnieut with Terramjem, as indicated lu the composite picture of the 
therapy schedule and temperature course shown in Fig 2, was started on the second hospital 
day On the fourth hospital da> atteptomjem and PA-b were also instituted because of the 
miliary appearance of the lung lesions lloweici, when the patient s temperature remained 
elevated at 103 to 105“ P through the tenth hospital dav, Tenamjcm was discontinued and 


1 



Pis 3—(Case 1 ) Chest x raj taken four months after onset of illness (Aug 26 1952) 
shows nodular densities ranting from the minute up to i mm >n diameter throughout both lung 
fields There is no evidence of consolidation cavitation or pleural effusion 


Table I Summvry op Serologic Determinvtioks, Culture Studies, and SiaN Tests in 
Case I (Fatiier) 


time VITER 
ONSET 

complement FIXATION TITER ] 

COLLODION 1 
ArOLOTINATlON ' 
TITER (HISTQ ! 
PLASMIN) 

ORGANISM 1 
ISOLATED ' 
PrOM ' 
SPUTUM 

1 

SKIN TEST 
WITH HISTO 
PLASMIN 

\EAST 1 
PHASE 1 

SOLUBLE I 
ANTIGEN ^ 

WHOLE 

TEVST 

ANTIGEN 

1 

HlSTO 1 

PLASMIN ' 

15 days 

1 SO 

_ 


>1 40 



21 dajs 





H capsula 







turn 


28 days 

1 80 

_ 


1 40 



41 days 

1 80 

1 64 

negative 

1 20 



71 da>3 

1 40 

1 32 

Kegativc 

1 40 



84 dajs 

1 20 


_ 

1 40 



111 days 

1 20 

1 8 

Negative 

1 40 



142 days 

1 20 

_ 


1 20 

None 

Positive 

197 da>s 

1 10 

_ 


1 40 



4i yf 

- 

1 16 

Negative 

Negative 


Positive* 


*76 by 35 mm erythema 20 by 20 mm induration 


Chloromycetin started Following the second da> of thcrapj with the latter drug the tempera 
ture steadily declined to approximately 100* F and continued at this level for the next 9 
dajiS At that time, Chloromjcetin was discontmued Penicillin was then given for a period of 
12 days, with a gradual lysis of temperature to 101 to 102* F (rectal) On the fiftj first 
0a> of hospitalization the hydrazine derivative of isonicotmic acid, Eimifon (Hoffmann La 
Eoclie, Inc ), m doses of 50 mg three times dailj, was also substituted for streptomjciu and 
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PAS, and was continued until the time the patient was discharged approximately 7 weeks 
later. The temperature remained at 100.5 to 101° F. (rectal) during the first week of Bimi- 
fon treatment, then fell to normal limits of 99.6° F, Thereafter the patient was afebrile. 

Additional laboratory studies revealed that the patient’s serum which was first tested 
with mycotic antigens on the fifteenth day of illness fixed complement to a dilution of 1:80, 
and had a collodion agglutination titer of IrlO with antigens of Sistoplasma capsulatum. As 
shown in column 1, Table I, complement-fixing antibody was demonstrable at this level with 
the soluble yeast phase antigen through the fourth week of hospitalization, after which the 
titer decreased steadily to 1:10 during the following 4 months. However, the collodion 
agglutination test was still positive in a serum taken approximately 6 months after onset. 
Cultures of a sputum specimen collected 21 days after onset yielded E. capsulatim. On 
the other hand, direct cultures as well as those made from the spleens and livers of Swiss 
albino mice injected with a sputum specimen obtained months after onset were negative 
for this agent. The patient’s skin test was positive to Histoplasmin when this test was 
made during the sixth month of disease. A tuberculin test with second strength P.P.D. 
was also positive while that with the first was negative. In serial chest x-rays from the 
time of admission through the fourth month there was a gradual diminution of the nodular 
densities throughout both lung fields, as revealed by the film taken on Aug. 26, 1952 (Fig. 3). 

The diagnosis of histoplasmosis was supported by clinical symptomatology, isolation 
of E. caiisulatum from sputum, significant antibody levels to histoplasma antigens in both 
complement fixation and collodion agglutination tests, a positive skin test reaction to Histo- 
plasmiu and roentgenologic evidence of pulmonary infiltration. 

Case 2.—^About one week after the onset of illness in Case 1, that patient’s 32-year-old 
wife, although never hospitalized, became ill. In addition to generalized malaise, her initial 
symptoms were headache, diaphoresis, and anorexia. These were accompanied by tightness 
in the chest and cough productive of purulent sputum, with occasional hemoptysis. There 
was no nausea, vomiting, or diarrhea. Her recovery was uneventful and apparently complete 
within one week, although no specific therapy was prescribed. 


'T.vBiiE II. SuitiiARY OP Serologic Determinations, Culture Studies, and Skin Tests in 

Case 2 (Wipe) 



1 COMPLEMENT FIXATION TITER | 





YEAST 



COLLODION 

ORGANISM 

1 SKIN TEST 


PHASE 

WHOLE 


AGGLUTINATION 

ISOLATED 


TIME AFTER 

SOLUBLE 

YEAST 

HISTO- 

TITER (HISTO- 

FROM 

WITH HISTO- 

ONSET 

ANTIGEN 

ANTIGEN 

PLASMIN 

PL.\SMIN) 

SPUTUM 

; PLASMIN 

10 days 

1:5 

1:64 

Negative 

1:40 



15 days 





H. capsula- 







turn 


24 days 

Negative 

AC* 

AC 

>1:40 



43 days 

Negative 


_ 

1:40 



105 days 

Negative 


__ 

1:10 

None 


191 days 

Negative 

1:32 

Negative 

1:10 


Positive 

44 yr. 

— 

1:8 

Negative 

Negative 


Positive! 


*AC = Anticomplementary- 

t76 by 76 mm. erythema: 26 by 26 mm. induration. 


As shown in Column 1, Table II, a serum obtained 10 days after onset fixed comple¬ 
ment to a titer of only 1:5 with histoplasma soluble yeast phase antigen. All others in the 
serial series on this patient were completely negative for complement-fixing antibody. On 
the other hand, the collodion agglutination test was strongly positive in the initial specimen 
as well as in those collected on the twenty-fourth and forty-third days. Following this, 
the reactions with this test gradually became less intense. Cultures of a sputum specimen 
obtained 15 days after onset were positive for E. capsulatum. However, and as in Case 1, 
the organism was not recovered either in direct culture or from the livers and spleens of mice 
inoculated with a sputum specimen collected 4 months after onset. The Histoplasmin skin 
test, made 6 months after onset, was positive. A single chest x-ray obtained during tie 
fourth week failed to reveal any evidence of pulmonary infiltration. 
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Tlie diagnosis of lustoplasmosis ju this case was based on tlic isolation of S cap 
sulatwn from sputum obtained early m the course of illness, the significant antibody leiels 
demonstrated by the collodion agglutination test, and a positive skin test reaction to Histo 
plasmm 

CtSB 3—Also about one week after the onset of illness in Case 1, the patient’s 
14 year old son became ill Again, the symptoms uere acute, nitli pain in the left chest, 
cough ivith production of purulent bloodstieaked sputum, anoresia, generalized malaise, 
and headache as the predominant ones Temperature eloations of lOS" F nere recorded 
during the first neck Houtver, the patient nude a rapid recovery and nas able to return 
to school after an absence of opprovimately two weeks Therapy included a total dosage 
of 2 o Gm Terramycin which was gnen every 4 hours m -50 rag doses 


Table UI SuiiAfArv of Serologic DETERirivATiovs, Culture Stupies, avd Skin Tests in 
Case 3 (Son ) 



•AC ss Anticomplcmentary 

tSO by $0 mm erytliema 40 by 50 mm induration 


As noted in Column 1, Table III, the complement ii\ation titer with histoplasma 
soluble yeast phase antigen was 1 40 m specimens taken on the tenth and twenty fourth 
days after onset This leiel decreased to 1 20 and 1 10 in serums collected at approximately 
0 and 15 weeks, respectuely In a serum specimen taken 6 morlhs aftei onset no comple 
ment fixing antibody vras demonstrable Collodion agglutination tests in the tenth and 
twenty fourth day serum specimens were also positiie, whereas results with later specimens 
were equivocal. S capsulatum was not isolated from the single sputum collected about 
15 days after onset of symptoms In the single chest May obtained during the fourtJi 
week there was no evidence of pulmonary infiltration or hilar adenopathy The patient, 
however, did have a positiie reaction to a skm test with Histoplasmin when this was made 
approximately 6 mouths after onset of illness 

Although the diagnosis of histoplasmosis m this case was not supported by the re 
coicry of H capsulatuyn, the positiie serologic and dermal sensitivity tests strongly indicated 
that the boy's infection was also due to this fungus, particularly since symptomafologically 
and in time of onset it closely simulated culturally verified Cases 1 and 2 


Table IV Summiki or Serologic Detebminations, Culture Studies, anp Skin Tests in 
CiSB 4 (SlSTEB ivLiw} 



COLLODION AGGLU 
TINATION TlTFR 
(HISTOPLASMIN) 


ORG V\ ISil SKIN TEST 

ISOLATED WITH 

FROM SPUTUM HISTOPLASIIIV 


13 days 

18 days 

1 10 

1 10 

27 days 

1 so 

>1 40 

4G days 

1 80 

1 40 

108 days 

1 20 

1 20 

194 days 

In egativc 

1 5 

45 yr 

_ 



None 


Positua 
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Case 4. —The fourth person involved in this series was the 27-year-old sister-in-law 
of Case 1 who resided with the family, and W'ho was actively ill for only 2 or 3 days. 
Symptoms began about 2 days after the onset of illness in Case 1 and, although of shorter 
duration and less severe, they were similar to those experienced by the 3 other members 
of the family. She was away from her job for just one w’eek. Since recovery w'as unevent¬ 
ful, no medication was prescribed. 

In this patient, as illustrated in Column 1, Table IV, the antibody levels were very 
low in the earliest serum obtained. Fourteen days later, how'ever, the complement fixation 
titer had increased to 1:80 and the collodion agglutination test had become markedly 
positive. These high antibody levels peisisted for at least 3 more weeks and then, as in 
the other cases, gradnally decreased. The patient was sensitive to Histoplasmin when 
tested 6 months after onset, in spite of the fact that cultures of two sputum specimens 
were negative for E. capsiilatmi. The single chest x-ray taken during the fourth week 
was negative. 



Pig. 4—(Case 1.) Chest x-ray taken approximately 5 years after onset of illness (June 
3, 1957) discloses no appreciable change from Fig. 3. The variable nodular densities are or 
comparable size, and no tiue calcification is seen. 

The diagnosis of probable histoplasmosis in this case was based on a demonstrated 
increase in antibody levels to histoplasma antigens, a positive skin test to Histoplasmin, 
and on the similarity in the time of onset and clinical symptoms observed in Cases 1, -> 
and 3. 

The Follow-Up .—Additional data were obtained in 3 of the 4 cases 414 to 5 years 
after the onset of their illnesses. 

C.tSE 1.—^At the time of the follow-up, the father appeared to be a vigorous, health) 
man. His weight was 210 ponnds, which represented a gain of 40 pounds over that main¬ 
tained prior to his hospitalization with histoplasmosis. He resumed his occupation as butcher 
early^ in 1953 and has been employed continuously ever since. He has not had colds or 
further upper respiratory- disturbances. As earlier noted, the serial chest x-rays (Fig. 1) 
from the time of his hospital admission in May, 1952, nntil 4 months thereafter showed a 
gradual and continuous diminution of the nodular densities throughout both lung fields 
(Fig. 3), but in the five years intervening there was no appreciable change. In a film 
taken in June, 1957, the nodular densities still varied from minute to 3 mm. in diameter 
and no true calcification was seen (Fig. 4). As shown in Column 2, Table I, this man 
maintained a C.F. antibody titer of 1:16 with whole cell histoplasma yeast phase antigen. 
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His slcm test reaction to Ilistoplasmin also remained markedly positive Complement fixa 
tion and collodion agglutination tests i\ith tho mycelial filtrate antigen, Histoplasmin, 'were 
negative 

Case 2 —His wife also appeared to bo well and healthy, and for the past 3 years 
has been employed as a stenographer in a large metropolitan bank Approximately one 
jear after the primary phase of her histoplasma infection she began to have low back pain 
In the pjelograms made, at that time there was a peisistent filling defect in the region of 
the pehis on the right due to some organic lesion 'Whether or not this was an extra 
pulmonary focus of H capsulatum was not determined The sjmptoms eventually disap 
peared and there has been no recurrence A chest \ ray taken in December, 1956, was 
negative, as was the earlier film made durmg the fourth week after onset of infection 
with 3 capsulatiim in 1952 Eiidence of this patient s infection persists only m the 
residual Cp antibody titer of I 8 with the whole cell yeast phase antigen (Column 2, 
Table II) and her strongly positive «km test reaction to HistopHsmin (Table II) 

CvsE 3—The son currently is an enlisted man in a branch of the United States Armed 
Forces In the follow up chest x ray lu December, 1956, there was a disseminated distnbu 
tion of tiny calcified nodules, creating a “snow storm'’ pattern throughout both lung 
fii.Id'^, regarded as very charactoristic of heilcd mdiara histoplasmosis (Fig 5) This 
was m contrast to the negative findings during the fourth week of infection A serum 
specimen also obtained in December, 1956, fixed complement to titers of 1 16 and 1 8 
with the whole cell yeast phase antigen and Histoplasmin, respectively His skin test 
reaction to Histoplasmin was strongly positive (Table HI) A simultaneous skin lest with 
P P D was negative 



®2 ) Chest X ray taken 4% jears after onset of illness (Dec 22 1956) shows 
a Olsbeminated distribution of tiny calcified nodules throughout both lung fields 

C\SE 4—The sister in law apparently is also healthy and well However, this patient 
moved to a distant state about two years after her histoplasmosis infection, and we were 
unable to gam her cooperation for follow up studies 

’ilETHODS 

Serologic Tests —The complement fi'ation (C F ) and collodion agglutination (CA-) 
tests employed were carried out as de*5cribed in earlier reports3 * The antigen used for 
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the C.P. test iu the primary phase of the study was the physiologic saline soluble component 
of yeast phase cells of S. capsulatv/m following disruption by grinding.! The whole cell 
yeast phase antigen and Histoplasmin,* a filtrate of the filamentous growth of the organ¬ 
ism, were employed in follow-up G.E. tests.s Histoplasmin was the only antigen used in 
the C.A. test. 

Skin Tests. —Pollow-up skin tests were made mth a 1:100 dilution of Histoplasmin.! 

Culture Studies .—Early morning sputum samples were emulsified in 5 to 10 ml. 
physiologic saline solution containing 1,000 and 2,000 units of penicillin and streptomycin 
per milliliter, respectively. After an inenbation period of one hour at 37° 0., 0.5 ml. 
quantities were inoculated intraperitoneally into each of five 18 to 20 gram male albino 
mice and planted on brain heart infusion agar (Difeo) containing 20 and 40 units of 
penicillin and streptomycin per milliliter, respectively, and one per cent dextrose. Plates 
of inoculated medium were incubated at room temperature for a period of 4 weeks. The 
mice were observed for 4 weeks, at which time all survivors were sacrificed and their 
livers and spleens cultured for H. capsitlatum. The spleens and livers of mice dying after 
the seventh day were also cultured. Colonies appearing after the tenth day were trans¬ 
ferred to Sabouraud's dextrose agar (Difeo) and incubated at room temperature for 
final identification. 


DISCUSSION 

The clinical courses of the 4 persons involved in this family outbreak of 
primary, pulmonary histoplasmosis, the first to be reported from the District 
of Columbia area, were remarkably similar to those described in the epidemics 
report by Loosli and associates® and Furcolow and Grayston.’’ In 3 of the 4 per¬ 
sons, the symptomatology was relatively mild, transitory, and clinically indis¬ 
tinguishable from that in mild upper respiratory infections of viral or bacterial 
etiology. In fact, had it not been for the grave illness in Case 1 it is doubtful 
that the milder illnesses would have been ascribed to any specific agent, much less 
to the fungus. If. capsulatim. Despite the variation in the degree of severity, 
however, all made spontaneous and apparently complete recoveries. 

In order to establish that an outbreak of pneumonitic illnesses is due to H- 
capsiijatuvi, it is sometimes necessary to rely on indirect criteria as outlined in 
the studies of epidemics by Grayston and Furcolow.® In the present one, how- 
evei*, the rapid demonstration of agglutinins and complement-fixing antibodies 
with histoplasma antigens in early sera from each of the patients led to immedi¬ 
ate cultural studies. The latter yielded If. capsulatum not only from two of 
the persons involved, but ultimately also from the contaminated chicken com¬ 
post to which all 4 had been recently exposed.- Skin tests with Histoplasmin 
were also positive. 

This series of eases also provided additional evidence that therapy with 
antibacterial antibiotics has little if any beneficial effect on the course of primary, 
pulmonaiy histoplasmosis. Two of the four cases were untreated and a third 
received a total dosage of 2.5 Gm. Terramycin. The fourth case was treated 
with a variety of drugs, including Terramycin, Chloromycetin, penicillin, Bimi- 
fon, streptomycin, and PAS. In spite of this, this patient’s stormy, prolonged 
course was essentially similar to that in other reported cases of equal severity who 
recovered without benefit of specific therapy. Loosli® and Silverman and his 
associates^® describe severe infections in which recoveiy occurred without the 
use of antibacterial antibiotics or drugs of any kind. iMoreover, there is some 

•Lot H-15: Parke, Davis & Company, Detroit, Mich. 

tLot 029386-F-029975-F: Parke, Davis & Company. Detroit, Mich. 
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evidence that streptomycin, at least, actually enhances lathei than mliibits the 
giowth of mycotic agents “ 

Of special inteiest were the followup findings lelating to pulmonaiy in 
volvemcnt Extensive infiltration (Pig 1) ^vas obscived dunng the initial phase 
of the study only in the person uith the most severe illness Although there 
was considerable clearing duimg the fiist 4 mouths (Pig 3), since that time there 
has been no essential change either m the areas of nodular densities or size of the 
individual lesions Nor is there evidence of calcification (Pig 4) In contrast, 
the follow up film in Case 3 levcalcd a typical “snow storm” pattern of calcifi 
cation (Fig 5) although the single film obtained on this patient during the foiutli 
week aftei onset was negative The initial and follow up films in Case 2 were 
both clear Whethei infiltiates might have been present at some time piioi to 
or later than the fouith week in eithei of these two milder cases, of course, can 
not be ascertained From the still negative skin test reaction to P P D and the 
extensive calcification in Case 3, however, it is not unlikely that at one time tlieie 
was considerable infiltration in tins patient For this leason, sciial chest x rays 
appear to be as important as seiial serologic and lepeated cultural studies in fol 
lowing the early suspected and verified cases of histoplasmosis The repoited 
absence of pulmonary infiltration during the piimary episode even in relatively 
mild infections perhaps should be viewed with caution unless there aie seiial 
X rays at rathei close intcivals to substantiate this point 

Serologic tests, as noted above, wexe used to good advantage m the detection 
and study of these cases Cultuial studies weie initiated only after it was known 
that serologic tests were positive The importance of obtaining specimens 
(sputum, gastnes and blood) for culture during an acute phase of this infection 
has perhaps received too little emphasis Expeiience in tins laboiatory reveals 
that it IS during the early stage of infection that the oiganism is most readily 
isolated In this regaid the collodion agglutination test is especially useful This 
test which can be performed in any hospital laboratoiy within a peiiod of 3 hours 
diiects attention to the possibility of piimaiy pulmonary histoplasmosis during 
a phase of active infection when cultural and additional serologic studies yield 
the most definitive and valuable jnfoimatiou Agglutinins, moicover, aie usu 
ally demonstrable by the time symptoms begin to occui even in cases which aie 
not sufficiently severe foi the development of detectable complement fixing anti 
bodies 

As illustrated in Tables I, II, and III the results of complement fixation 
tests vaiy with the t>pe of antigen, duration and type of disease, and other as 
yet undetermined factors Foi example, the reactions with whole yeast phase 
antigen in sera fiom Case 1 wcie essentially the same as those with the soluble 
antigen, whereas those in seia from Cases 2 and 3 were considerably higher with 
the whole cell preparation Later sera from Case 3 also reacted to a titer exceed¬ 
ing 1 256 with Histoplasmin, in contrast to negati\e findings with this antigen in 
Cases 1 and 2 The importance of employing diffeient types of antigenic prepa 
rations is discussed in an earliei report * There is at the present time little doubt 
that the whole cell antigen is superior to the soluble yeast phase component, that 
the reactions obtained with the whole jeast coll antigen also sometimes differ 
markedly from those obtained w itli Histoplasmin, and that until these differences 
are lesolved both types of antigens should be employed m complement fixation 
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tests for histoplasmosis. HoAvever, it is not unusual for a low residual C.F. anti¬ 
body titer or a marked skin test sensitivity to persist for an, as yet, undeter¬ 
mined number of years following a primary infection, as illustrated by the find¬ 
ings in these cases. Their interpretation awaits the close study and follow-up of 
an increasing number of cases from the time of onset of infection as exemplified 
by the investigations of Loosli and his associates.® 


SUMMARY 

An epidemic of primary, pulmonary histoplasmosis in a family of 4 persons 
living near Washington, D. C., is described. The father was critically ill for a 
period of 3 months, whereas the infections in his wife, son, and sister-in-law were 
only mild to moderately severe. All recovered. Histoplasma capsulatuvi was 
isolated from the sputums of the husband and Avife. Elevated titers of agglu¬ 
tinins and C.F. antibodies Avere demonstrated in the sera of all 4 persons and all 
were skin test positive to Histoplasmin. Although the father Avas treated with 
a variety of antibiotic agents, none of the agents appeared to alter his stormy 
course. Follow-up chest x-rays and skin and serologic tests Avere obtained 4^ 
to 5 years later on 3 of the patients. In the son’s film there Avas a typical “snoAV 
storm” pattern of calcification (Fig. 5) Avhereas in the father’s there Avas no 
calcification and no appreciable change in nodular densities compared Avith 5 
years before (Figs. 3 and 4). The film on the Avife Avas negative. Residual C.F. 
titers of 1:8 and 1:16 and strongly positive skin test reactions to Histoplasmin 
persisted in all 3 persons. Studies leading to the isolation of IT. capsulatmi from 
contaminated chicken compost to Avhich 4 persons Averc exposed approximately 
two weeks prior to onset of their infections are described in a separate report.® 
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A TAJIILY OUTBREAK OP HISTOPLASMOSIS 
II Epidemiologic Studies 
Ch uilotte C Campbell, B S 
W iSHDvGTON, D C 

T his repoit is coueeincd Mitli the epidemiologic aspects of an outbieak of 
histoplasmosis involving aU the members of a family' These individuals 
Mere residents of Gleninont, a suburban housing development situated Mithin 
5 miles of the city limits of 'Washington, D C, in Montgomery County, Mary¬ 
land The epidemic, although similar in many lespccts to others earliei le 
ported,’ * was of special inteiest because it oceuried in a geogiaphie aiea of 
“low” endemicity and mvolved peisons mIio Ined in a suburban rather than 
lural area These findings are conspicuous only in that they invabdate certain 
not altogether warranted impiessious that have aiisen duiing the last 10 years 
conceiniiig the acquirement of tins infection 

The purpose of this report, therefoie, is not onlj to deseiibe epidemiologic 
studies in an additional outbieak of histoplasmosis, but also to emphasize that 
(1) the geographic distiibution of ITtstoplasma capsulaium has not been fully 
outbned, (2) maps of endemicity ui many instances reflect the extent to which 
the disease has been investigated in particulai localities rathei than actual pieva 
lence of the infection, thus, in aieas of puiportedlj low endemicity the real 
prevalence of the infection is often unlmown, (3) exposuie to the etiologie agent 
in nature is not necessaiily associated with dusty cnviionments or uncommon 
activities of prolonged duiation, and (4) infections aie not limited to rural 
residents or other isolated groups 

The Family —This fataily comprised 4 persons the husband, his wife, their 14 >ear old 
son, and a sister in lavk The father was employed as a butcher in an Army commissary 
and the mfe and sister in law as stenographer and clerk tj’pist, respcctivelj, by different com 
mercial firms The son attended high school Week ends uere used for gardening, liousekeep 
mg, marketing, and similar duties The family occasionally took automobile rides on Sunday, 
but on these occasions did not visit farms or take walks over country terrain There had been 
no vacations, either separately or together, for at least 8 months The father, at the time 
of onset of illness, was terminating a convalescent period followirg surgery for hernia but 
other members of the family Ind been healthy and well prior to onset of their respiratory 
infections 

The Outbreak —In April, 1952, each of these per ons experienced an episode of primary 
pulmonary histoplasmosis' The diagnosis was unequivocally cstablislied in the husband and 
wife by the isolation of B cai sulatum from their sputums and presumptively in the son and 
sister m law by a demonstrated increase m histoplasina antibody as iiell as similarity in symp 
tomatology and time of onset to the t"o verified cases The husband s episode was one of 
Citreme gravity and required a Smooth period of hospitaliz ition for recovery The son’s, 
wife'«, and sister m law s illncs«cs, requiring only 1 to 2 weeks of bed rest at home, iiere con 
siderably less severe An invcstioation to find the point source in nature from uhich these 
infections were acquired «as initiated at once All aiailablc eiidence indicated tliat this 
‘’ource existed ui the District of Columbia area 

_ ,From the Department of Bacteriology Walter Reed \.rmy Institute oC Research Walter 
•Keea Army Jledical Center Washington 12 D C 
Received for publication Ma> 9 1957 


841 



842 


CAMPBELL 


J. Lab. & Clin. Med. 
December, 1957 


The Environment .—The Glenmont housing development consisted of an area approxi¬ 
mately two miles square. Modest clapboard houses of relatively contemporary design occupied 
lots approximately 60 feet wide and 100 feet deep, and were fronted by concrete sidewalks 
and paved streets. At the time of the outbreak, there was no evidence of construction in¬ 
volving the use of bulldozers or other dust-raising equipment within a radius of one-half 
mile. The narrow front lawns were sodded and well kept. 

The house in which this family had lived for the past 5 years was essentially the same 
as many others in the immediate and surrounding blocks. Like these, it was situated near the 
front of the lot to allow space for small vegetable or flower gardens as well as additional lawn 
in the rear. Because of the season many of the gardens had recently been plowed and planted. 
This family’s garden adjoined that of the neighbor’s to the rear and those of the neighbors’ on 
both sides. An occasional lot was partitioned by a low wire fence. More often, there was no 
demarcation, and the individual properties were continuous, permitting free access from one 
to the other. The few trees appeared to be young and vigorous. 

FIELD STUDIES 

Early discussion ivitli the father revealed that while he could recall no 
particular activity in which the family had participated collectively, he and 
his son had cleaned the basement of their home approximately 10 days before 
the onset of their illnesses. This had proved to be an especially dusty and 
time-consuming task as the son, who was an amateur naturalist, used it as a 
workshop. There he prepared and preserved for display or kept as pets for 
indefinite periods birds, their nests and eggs, and small rodents which he col¬ 
lected during his frequent trips to a little wood about one mile south of the 
development. Neither the wife nor the sister-in-law was at home when the 
dust was at its highest concentration, but both made brief excursions to the 
basement later in the day. Moreover, sufficient dust had escaped to the upper 
story to necessitate a thorough cleaning of the house. It was also recalled 
that 3 baby squirrels were brought into the house about one month before the 
onset of these illnesses. The animals died after several days, allegedly of mal¬ 
nutrition, but actually of unknown causes. Other possible contributors to the 
outbreak were the several birds’ nests, wings from a sparrow hawk, the large 
eggshell collection on display in the boy’s room, and the dog and three cats 
owned by the family. The technique for emptying eggshells was especially 
suspect since it involved bathroom towels in common use. Finally, it was learned 
that game birds, following removal of their wings for preservation, were often 
eaten by all persons concerned in the outbreak. 

In spite of this array of possibilities, attention was focused on the base¬ 
ment as the most likely source. This was a large, noncompartmented room with 
a concrete floor and walls of the cinder block type. It was accessible only by 
a stairway leading from the kitchen. Relatively dry and well lighted, it con¬ 
tained the usual permanently installed laundry tubs and furnace, but no stor¬ 
age bins or chests. Because of the recent cleaning, little remained to be col¬ 
lected as specimens for mycologic study. Owl pellets that were overgiwvn 
with a species of nonpigmented fungus were found on the floor in one corner. 
These, a 50 by 70 cm. mat of fungus about two feet distant from the pellets, and 
a green mold covering one of the glass eyes on a stuffed buffalo head were the 
only specimens returned to the laboratory for study. 

A second trip to the home was made three days later. On tliis occasion 
specimens from the surrounding environs as Avell as additional ones from the 
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basement ^\ele collected These included (1) washings sponged fiom each 
of the basement walls, (2) soil samples from 4 different areas in the baclcyard and 
gaiden, 3 \\eie selected because they were the possible but completely for 
gotten buiial sites tor the baby squiiiels and the fourth because it comprised 
the floor of a wire chicken pen used foi caging eaptuied birds and only raielj 
for housing chickens piioi to slaughtei, (3) nesting niatenals from the 
wooden bo\ in wiiieli the baby squiiiels died, (4) a walnut shell filled with 
mjcelium also found in this bo\, (5) a pigeon s nest fiom a high lafter in a 
deseited bain appioximately one mile distant fiom the house, fiom which the 
son often collected specimens of eggs and buds and (6) tlic owl s nest by this 
time abandoned, fiom which the pellets found cailiei on the basement flooi 
originated 

As shown in Table I, II capsiilatum was not lecovered fiom an> of these 
specimens Negative lesults wcic also obtained by two othei investigatois to 
whom poitions of inanj of these matciials were sent * It was of inteiest how 
ever, that CrU 2 itococcus neofonnans was isolated fiom the pigeon s nest bj 
each of the persons who studied it ® ® 


Table I Summary op Isolation Studies for Histoplvsma Capsulatum on 
Specimens From Susifcted Exposure Sources (Glevmont Outbpeak 
Montgomery County, Md ) 




1 MYCOTIC PATHOGEN ISOLAILD 

NO 

SPECIMENS 

1 CULTURE 


1 

Collected l£ay, 19SS 

Owl pellets 

Mycelial mat (30 x 70 cm) 

None 


None 


None 


None 

3 

Greon mold on glass eye of buffalo head 

None 


None 

4 

Basement wall washings 

None 


None 

5 

Soil sample No 1 

None 


None 

Q 

Soil sample No 2 

None 


None 

7 

Soil sample No 3 

None 


None 

S 

Soil sample No 4 from cinci cii coop 

None 


None 

9 

Nesting material in squirrel box 

None 


None 

10 

M>ccliuin filled nutshell 

Owl’s nest 

None 


None 

11 

None 


None 

12 

Pigeon s nest 

C neoformans 

C 

neoformnns 

13 21 

Collected December, 19^0 

Soil samples from garden 

Not done 


None 


boil sample from chicken house floor 

Not (lone 

n 

capsulatum 

23 

Soil sample from chicken house floor 

Not done 

E 

capsulatum 

24 

Soil sample from chicken house floor 

Not done 

n 

capsulaUim 

2o 27 

Soil sample fiom chicken house floor 

Not done 


None 

-S iO 

Soil with crumbling wood from slatted 

Not done 


None 


platform m chicken house 





lu spite of these negatu e flndings, it was still believed that tlie basement 
was the onlj common source to which all of these peisons could have been ex 
posed Our iailuic to lecovci II capsulatum fiom any of the aboic specimens 
was attributed to the fact that the offending focus was lemoved from the base 
ment duimg tlie cleaning opciatioii before oui fust trip to the liouse Foi this 
reason, furtliei studies did not appear to be warranted 

In December, 1956, approximately 4V^ years aftci the onset of these infec 
tions f oIlo-v\ up X rays and skin and seiologic tests on 3 of the 4 peisons were 

an 1 Indebted to Dr C W Cmmons National Institutes of Health Bethesda Md, 

-Lir Libero AJello Communicable Disease Center Chamblee Ga for their valued 
assistance in these studies 
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obtained,’^ When the father returned, for his follow-up test, he was accompanied 
by his ailing mother-in-law in order that skin and serologic tests might also be 
made on her. When it was disclosed that the mother-in-law resided on a small 
farm near Waycross, Georgia, and that she tended a small flock of chickens, 
considerable emphasis was placed on whether or not she also cleaned the hen 
house. On being ad\dsed of the close association of IJ. capsulatum spores and 
soils enriched with chicken excreta,' the father instantly recalled that he had 
collected, hauled, and spread chicken manure on his own garden the day be¬ 
fore cleaning the basement in his home. 

Armed with this heretofore undisclosed ii\formation, a third trip was made 
to collect soil samples. Soils were taken from nine areas in the garden, which 
during the intervening years had been repeatedly plowed, fertilized, and planted. 
Since the chicken house from which the manure was initially obtained was not 
more than one mile east of this suburban housing development, specimens of 
soil were also collected from it. This small dilapidated structure, no longer 
sukahle for housing ehiokeus hoesuse of s leaky ivof and missing planks on the 
sides, was empty except for a Imrrel and a few chunks of fire wood. Six samples 
of soil were collected from various areas of the moist dirt floor and 3 additional 
ones from a slightly elevated platform on which the crumbling fire wood was 
stacked. 

As shown in Table I, II. cajisulatum was veadily recovered from mice inoc¬ 
ulated with 3 of the 6 soil samples collected from the dirt floor of the chicken 
house. Specimens from the slatted platform as M’ell as the garden areas were 
negative. It is of interest to note that the organism was isolated in one instance 
as early as two weeks after injection, indicating that even though 4t/4 years 
had elapsed the spores were still present in high concentration in this partic¬ 
ular sample. 

L.ABORATORY STUDIES 

1. Materials from Sources in Nature .— 

Soil samples: For those samples collected during the initial phase of this study three 
different preparation techniques ^Yere employed in order to utilize each of the various modifica¬ 
tions described by Emmons,® Zeidberg and Ajello,® and Larsh and associatesv> for isolating 
H. capsulatum from soil. Only the method described by Larsh and associates^ ■was used on 
the later samples. These suspensions were used only in mice. 

Bird and animal nests: Approximately 3 grams of twigs, leaves, feathers, and soil 'were 
selected from different parts of the nests, broken into minute fragments, placed in a 100 ml. 
cylinder containing 30 ml. of physiologic saline, and shaken vigorously. After 10 minutes, 
the supernatant fluid ■was siphoned from the sedimented larger particles and centrifuged at 
5,000 r.p.m. for 5 minutes. The sediment from the latter, resuspended in 10 ml. of saline, 
comprised the inoculating suspeiision for mice. No direct platings on culture medium were 
made. 

Basement wall washings: Areas, approximately i feet square, on each of the 4 base¬ 
ment walls were swabbed with sterile sponges moistened and later rinsed in 1,000 ml. sterile, 
distaied water. Debris from the latter was collected on millipore filters (Type HA) and 
resuspended in 10 ml. saline.n Media as well as mice were inoculated with tliese suspensions. 

Miscellaneous specimens: Other specimens such a,s owl pellets, the several specimens of 
fungi, nutshells, etc., were each suspended in 30 ml. of physiologic saline, shaken vigorously, 
and allowed to stand in 100 ml. cjdinders for one hour. Aliquots of 5 ml. were removed sep¬ 
arately from the surface, middle, and supernate-sedinient interface of each suspension for 
injection into mice and inoculation of selective media. 
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2 ilciUa —Brain heart infusion agar (Difeo), to which glucose, penicillin, and stroptomy 
cm, wero added m final concentrations of 2 per cent and 20 and 40 units per milliliter of 
medium, respectively, was the sole substrate for culturing livers and spleens of inoculated mice 
Sabouraud's agar containing cycloheximide was used for the diieet culture of many of the 
specimens collected from nature 12 

3. Animal Inoculations —Male albino mice lu groups of 10 and weighmg 18 to 20 grams 
were used Tlicy weie inoculated intraperitoneally with 0 0 or 1 0 ml volume of the prepared 
specimens, depending upon the quantity available All were tieated daily for 7 da}s follow 
ing inoculation witli 1,000 units of penic’lbn and 2,000 units of streptomycin The animals 
wero observed for a period of 4 weeks, at wluch time half of the survivors were sacrificed and 
their livers and spleens cultured for M capsulatum The lemainmg mice were sacrificed and 
their livers, and spleens cultured at the end of 8 weeks The spleens and livers of mice which 
died after the seventh daj were also cultured 

Except for those soil samples collected durmg the follow up phase of the study, this 
scries of procedures was repeated 3 times m this laboratory on scpaiate aliquots of each of 
the specimens collected from nature In one of these trials, 5 per cent hog gistnc mucin vvas 
substituted for physiologic saline as the suspending menstruum for materials injected into 
mice 13,14 

DISCUSSION 

Although forests, chickeus, buds, lodents, and even domestic pets were 
involved in this epidemiologic imcstigation—and all aie implicated as possible 
contributois to the distribution of // capsitlafum in naluio^ —the agent 

finally was lecoveied fiom the source most commonly associated with piimarj, 
pulmonary intcelions of histoplasmosis, soils einiclied with the o\crcta ot 
chickens or othei foul ^ 

It was neveithelcss of mteiest to Itain that in the contiacting of these in 
fcctious the time of e\posaie nas so biict and tlie source so usual that neithei 
was recalled until specific questions wcic asked In this instance, the initial 
period of exposuic could not ha\c cxceided a pciiod of one lioui and, unlike 
more diamatic undertakings such as spclcologie expeditions and the cleaning 
of silos, water tow ers, or even dusty basements,* * it u as associated with a very 
commonplace task The fathei, also accompanied by his son on tins occasion, 
had driven to the neaiby faim, huiiicdly scooped the soil into small kegs, 
transported it home in the trunk of his cai and deposited it on the gaidcn 
Yet the ready leeoveiy of II capsulatum from 3 of the 6 soil samples collected 
several yeais latei fiom this original source leaves little doubt that it was in tlie 
execution of this incidental choie tliat the near fatal and modeiately sevcie ill 
nesses uerc inclined Foi the wife and sistei inlaw, the means ot exposuie 
was even less impicssue Neithci was ducctly involved in this task They 
nierely pulled weeds in the gaiden witliin the next few days 

Noi can it be assumed that these vveic the only cases among the many pei- 
sons having fice access to this gaideii The initial studies included a seium 
from a 12 year old boy who lived acioss the street and whose upper lespuatoiy 
infection coincided in time of onset and duration witli tliat of tlie son’s A titci 
of 1 128 111 serologic tests left little doubt that Jus infection was one of histo 
plasmosis acquired in a inaiinei similar to the othozs because of his frequent 
visits to this home Theiefore, in our excessive concem over the dusty base¬ 
ment vve had failed to investigate the more serious illness in the neighbor vvlio 
lived to the rear, despite the fact that her bout with bioncliopneumonia was 
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sufficiently severe to require 3 weeks of liospitalization. She, indeed, had not 
visited this family, but her garden dii-ectly adjoined their contaminated plot. 
In retrospect, it is thus not unlikely that her infection and possibly some of the 
milder ones that beset residents of this community was due to exposure to this 
at least temporary focus of II. capsulatum. 

This series of cases comprises only a minor part of the evidence that the 
District of Columbia area is one of high endemicity for histoplasmosis, con¬ 
trary to the relatively low prevalence assigned to it on distribution maps." 
Histoplasma capsulatum is isolated repeatedly from the soils of nearby com¬ 
munities by Emmons as well as ourselves."* Moreover, as disclosed by our 
own serologic studies carried out cooperatively with physicians in this area, 
there were 33 cases with serologic titers of 1;16 or above with histoplasma 
antigens in residents of the District of Columbia and adjoining states Avithin 
the past year. Patients in military installations in these states account for 128 
additional cases with a presumptive serologic diagnosis of histoplasmosis within 
the same period."" These figures included only those persons with illnesses of 
sufficient severity to I'equire hospitalization. 

In view of the above, it is therefore pertinent to point out that distribution 
maps might not be entirely accurate for other regions assigned a low preva¬ 
lence, but where, as in the District of Columbia, the incidence is actually un- 
Imown. In this regard, it is not generally recognized that skin test surveys 
with Histoplasmin, the principal method for determining the distribution of 
this agent, have not been carried out with the same intensity in all areas of 
the United States. In addition, it has not been sufficiently emphasized that even 
in areas known to be endemic the oi'ganism’s distribution is spotty rather than 
continuous.’’* "*"‘ In a recent and more complete skin test survey in Pennsyl¬ 
vania, for example, Aronson and Taylor found a high rate of Histoplasmin 
sensitivity in the counties comprising the southeastern part of the state, in 
marked contrast to the low incidence ascribed to the state as a whole on the 
basis of previous, sporadic studies."" It was thus not surprising when the organ¬ 
ism was subsequently isolated from a soil sample collected in Chester County, 
Pennsylvania, and from the native resident whose pulmonai'y infection was 
traced to exposure to that source."" Nor is it unlikely that there are other 
primary infections in that area which continue to be overlooked or attributed 
to other more usual causes. A similar situation undoubtedly exists in certain 
areas of New York where primary, pulmonary cases in residents exposed to a 
local focus of the organism were recently described."*"" 

The finding of an increased number of cases in any area is generally due 
to a greater awareness of the disease and improved diagnostic methods. Never¬ 
theless, there are relatively new situations in which heterogenous populations 
rather than isolated groups might be expected to be exposed more frequently 
to this agent. Primary among these are the new suburban communities in vari¬ 
ous stages of development throughout the nation. These vast communities 
usually not only occupy territory that was farm land a short while before but 
are adjacent to others still used for this purpose. In many of these communi¬ 
ties, gardening is a common pursuit. The readily accessible compost, as in this 
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senes of cases, is tianspoited thiough densely populated aieas in cars or trucics 
and, i£ contaminated, at least tempoiaiy foci are established in the vehicles, 
the routes they travel and the aieas on uliich the compost is eventually spicad 
The automobile nhich figured in tins outbiealc, for example, was traded for 
a new one within the week AVhat of the new purchaseis who nere exposed to 
the spore laden trunk? And would such exposuie constitute an unusual activity 
to which latei infections might be traced? 

Finally, there appears at the present time to be sufficient evidence to indict 
the chicken house, especially the old, unused one, as a prominent leseivoir of 
this fungus, and possibly to use it as one of the indices as to whether histo 
plasmosis can be expected to occur in a conununity oi not The close asso 
ciation of If capsulatum and sods cniiehed wnth excreta of chickens oi other 
fowl was fiist pointed out by Zcidbeig and Ajello m studies carried out m 
Tennessee , a cuiious predilection that lias been amply veiified by the extensive 
studies of Emmons as well as more limited ones by others in vaiious eastern 
states^ 3 19 -1 23 26 Qm cxpeiienccs emphasize that it is the soil fiora 
the old and often abandoned coop, oi areas on which such buddings have recently 
stood, tliat is paiticularly suspect Tliese iich soils, iii addition to liaMng been 
undisturbed, usually are exposed to moistuie but not to sun and thereby are 
ideal environments foi the luxuiiant giowth of this organism In the 

present study, it is to be noted that the organism was readily lecovered from 
the souice which met these requirements, but not fiom the gaiden which was 
continuously exposed to ladiation The eastern seaboard states are densely 
populated with old towns and villages and the newer ty^pc of community de 
senbed above All aie heaMly endowed with old chicken houses, many of which 
are no longer used It is peihaps tune to question whethei they are merely 
eycsoies and as innocuous as they seem, and to regard them as potential leser 
\oirs of If capsuJatwn regardless of their geogiaphic area 

SUUJI \R\ 

Four cases of primai') pulmonaiv histoplasmosis occurred in a family living 
in a suhuiban housing development iieai Washington, E C Locating the 
exposure souice of H capsuJatwn was complicated by the family’s close associa 
tioii with a laiiety of possible foci These included decaying wood, birds, then 
nests and eggs, lodeiits domestic pets, and, a singulai but unrelated incident 
involving a high concentration of dust Duung a follow up study 41/3 jeais 
after the primaiy infections H capsulatum was isolated fioiii the dirt flooi 
of au old chicken coop on a nearby faim The fathei and son had eolleettd 
chicken compost from this coop to fertilize the family garden about 10 days 
prior to onset of their infections The mother and sister in law woiked in this 
garden during the next few days 

Because of the uicreasiug evidence that the Distiict of Columbia area is 
one of high rathei than low endemicity for this fungus, some of the limitations 
of tile cuirently aiailable map of distribution are pointed out The association 
of exposure to this organism with commonplace tasks, a possibly increasing 
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number of infections in heterogenous populations of suburban communities, and 
the prominence of the old chicken coop as a reservoir of H. capsulatum are also 
discussed. 
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tho (lay of operation before and after the induction of anesthesia (thiopental, nitrous 
oxide, and ether), and at intervals during and after surgery, Eibnnogen and fibrinolysin 
determinations ivere done on all samples, and other studies outlined below were done in 
most instances. 

The following determinations were made 

1. Fibrinolytic Actiiity of “Whole Blood The timo required for complete lysis of a 
whole blood clot was detcmincd at 37* G 

2. Fibrinolytic Activity-Euglobulm Fraction A previously reported modification^* 
of tlie method of Milstone^s was used. In the early cases 50 units of thrombin were used 
but later this was changed to one unit of thrombin • 

3. Fibruiogen: Quick’s modification of the method of Cullen and Van Sljke.i6 

4. Platelet Count- This was performed on capillary blood ir Normal values averaged 
about 250,000 per c.mm. 

5. Prothrombin Time: Quick's mcthod.ie Normal values were less than 14 seconds 

6. 7, and 8. Prothrombin, Factor V, and Factor VII Modifications of Owren’s one 
stage assays were used.is Normal values were above 70 per cent 

9. Prothrombin Consumption. Prothrombin determinations were carried out on serum 
from blood oxalated after one hour at 37* CNormally, over 90 per cent of the plasma 
prothrombin was consumed. 

10. Citrate Concentration: This was determined by tlie Natclson i lothodio modified 
by Elliot 20 



Tronsfusions—Units of Blood 


Fig 1 —^Number of transfusions given to nonoozing and oozing patients 
RESULTS 

Excessive geneializcd bleeding or oozing oceuried in 15 of tbe 78 patients 
studied. It was observed during many types of operations but most fre¬ 
quently during liepatic lobectomy (Tables I and II). 

Massive Blood Replacement and Changes in Platelet Count .—Four of the 
15 oozing iiatients received over 10 units! of blood while only two of the 63 

•Bovine Thrombin* Parke, Davis & Company. Detroit, Xlich 

tone unit Is 600 ml ^V-CD. bank blood, which contained 480 ml or 1 pint of blood and 
120 ml of AC.D. The average storage age of 295 units of bank blood given to 21 patients 
was 7 8 days. 
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patients who did not ooze received this much blood (Fig. 1). A significant 
relationship between oozing and massive transfusion (Chi square = 6.36; 
P 0.02 == 5.41; P 0.01 — 6.64) is indicated, but it is impossible to prove that 
the multiple transfusions were not the effect of rather than the cause for the 
excessive bleeding. 



Fig- 2.—Relation between number of transfusions and per cent change in platelet count in 

oozing and nonoozing patients. 

The platelet count after transfusions was compared with the preoperative 
count, and the per cent change plotted against the number of transfusions for 
13 patients who oozed and 40 patients who did not ooze (Pig. 2). The average 
control platelet count was 329,000/c.mm. and was over 400,000/c.mm. in 25 
per cent of the patients. The platelet count fell sharply after multiple trans¬ 
fusions. However, only two patients, neither of whom oozed, liad platelet 
counts below 100,000/e.mm. after surgery and transfusions. When straight 
lines were fitted to the data by the method of least squares, there was a signifi¬ 
cant difference in slope bet'ween the oozing and the nonoozing patients (t == 4.68; 
t for P 0.01 = 2.68). This indicated that increasing amounts of blood caused 
a greater depression of platelets in oozers than in nonoozei's. Despite this 
tendency, severe thrombocytopenia was not present in the oozing patients; the 
lowest platelet count in an oozing patient during surgery was 112,000/c.mm., 
and the average was 196,000 (Table II). 

Plasma Citrate Concentration .—The plasma citrate concentration was in¬ 
creased in proportion to the amormt and rate of blood replacement.-^ Although 
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the plasma citiate level was elevated in all but tvvo of the patients who oozed, 
It was not possible to establish a direct lelationship between oozing and plasma 
citrate levels (Fig 3) Oozing did not ahvajs coincide with peak plasma 
citiate levels It did not ahvajs stop even when plasma citrate levels fell below 
10 mg pci cent, and sometimes ceased w ithout an appieciable drop in the plasma 
citrate Plasma citiate levels of 30 oi 40 mg per cent weie not uncommon, 
and levels as higli as 79 5 mg pei cent weie obseived in the absence of oozing 
One giam of calcium, eithci as the chloiide oi gluconate was administered for 
each two units of transfused blood 



HOURS 

Fiff 3 —Plasma citrate concentration during surcery and multiple transfusions m selected 
nonoozing and oozing patients 

Fibnnohjtic Activity —Samples wcic consideied to have activity only when 
complete Ijsis occuiied in less than 24 houis foi tlie whole blood samples, and 
in less tlian 10 horns foi the euglobulin samples Euglobulin activity was fre 
quontly obseived when a simultaneous sample did not show whole clot lysis 
AVlicn whole clot Ijsis was pieseiit, tlic euglobulin fiaction always showed some 
fibiinolytic activity 

The lelationship between tlie type of operation and the occuiieiicc of 
hbiinolytic activity is shown in Table I Patients undeigoing hepatic lobectomj 
had the highest incidence of fibrinolytic activity 

The 40 patients picviously lepoitcd®* aic icfeiied to as Senes I and were 
studied between September, 1955, and March, 1956 None of these patients 
had fibiinolytie activity prioi to surgeiy Seven of them oozed during siugciy 
Whole clot Ijsis occuried in 5 of these oozing patients, but was not determined 
m the othei 2 Si\ of the oozing patients had fibimolytic activity of the euglob 
ulin fraction (Fig 4, Table II) In contrast to the high incidence of fibimolytic 
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activity observed in the oozing patients, only 4 of the 33 nonoozing patients 
showed whole clot lysis, Avith lysis times between 8 and 24 hours. These 4 
patients also showed eugiobulin activity (Fig. 4). 

The 38 patients studied from March to July, 1956, Series II, did not show 
as definite a relationship betAveen oozing and fibrinolysis. Of the 8 oozing pa¬ 
tients only one had Avhole clot lysis, and 3 shoAved definite eugiobulin activity 
{Fig. 4, Table 11). Of the 30 nonoozing patients, one had 2-hour Avhole clot 
lysis during surgery, 3 shoAved eugiobulin activity prior to surgery, and 10 had 
eugiobulin activity during surgery (Fig. 4). The techniques employed Avere 
the same in both series Avith the following exceptions. In Series II, blood samples 
were obtained less frequently prior to the oozing episode and in mo.st patients 
samples Avero not obtamed dui-ing the actual oozing. In Series I, the mixture 
of patients’ eugiobulin fraction and fibrinogen Avas clotted Avith 50 units of 
thrombin, Avhereas in Scries II, only one unit of thrombin Avas used. This change 
Avas made Avhen it was found that the thrombin Avas contaminated Anth bovine 
plasminogen.-^ 



Fig, 4.—Eugiobulin Bbrinolytlc actwity in oozing and nonoozing patients. 

"When lytic activity Avas present, it Avas observed in one or more samples 
drawn close to the time of excessive bleeding. In 3 of the 9 oozing patients 
Avith significant fibrinolytic activity during surgei'y, no fibrinoij'tic activity Avas 
found in samples taken about one hour after closure. Tavo patients in Series 
II oozed just before or during closiu'e, and no blood samples Avere taken xmtil 
about au hour after closure. These postoperative samples shoAved fibrinolytic 
activity Avhich Avas no longer present tAvo hours later. Three patients aaFo 
shoAved fibrinolytic activity Avhile they Avere oozing during surgery, shoAved 
less activity in postoperative samples taken ^ to 3 hours after closure, and 
activity Avas no longer present in subsequent samples taken 3 to 6 hours later. 
In these patients, no apparent oozing occurred after closure. In one patient 
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(C D ), oozing persisted for several horns after operation Four hours post 
operatively this patient sho\\ed fihiinoljtic actiMty ■which ^\as more marked 
than during surgery Two hours later fibrinolytic activity had disappeared and 
bleeding -was no longer obseived 

Fibrinogen —The fibrinogen concentration was below 170 mg per cent in 
5 and below 100 mg per cent in 3 ot the oozing patients Two of the latter 
had had hepatic lobectomies (Table II) It is of interest that all of these were 
in Series I ^U1 5 had some fibrinoljtie activitj It seems probable that a 
relationship exists between the two Hj pofibiinogenemia also developed in 4 
nonoozing patients* In one of them, a patient undeigoing hepatic lobectomy, 
fibrinogen concentration fell below 100 mg per cent, and in the other 3, who 
were undergorng other operations, it fell to slightly below 150 mg per cent 
Fibrinolytic activity was not detected in the latter 3 patients 

Several patients showed marked decieascs in fibrinogen concentration dui 
ing surgery but because the contiol concentration was high it did not fall to 
levels usually associated with bleeding Fibimogen fell moie than 100 mg 
per cent during surgci^ m patients wlio had no demonstrable fibrinolytic ac 
tivity as well as m those with fibrinolytic activity In some patients, the fall 
m fibrinogen could be attributed to transfusions, in which the patient’s blood, 
with an abnormally high fibrinogen concentration, was leplaced with banli 
blood containing a normal level of fibimogen 

Prothrombin Time and Faciois Influencing It —The longest prothrombin 
time among the nonoozmg patients was 18 8 seconds, compared to 19 0 seconds 
among the nonoozmg patients Reduction of prothrombin concentiation was 
almost uniformly observed among the patients undergorng hepatic lobectomy, 
but values below 46 per cent weic not reached until after surgery had been 
completed®^ None of tlie other opeiatue procedures lesulted in less than 50 
per cent prothrombin concentration The pioportion of patients with low 
prothrombin concentration was about equal m the oozing and nonoozmg groups 
Factor VII was not measuied m all patients but, when determined, showed 
similar changes 

Factor V was low among the oozing patients more often than prothrombin 
Furthermore, a decrease in factor V was found with significantly gieatei fre 
queucy among the oozing patients than among those who did not bleed e\ 
cessively (Chi squaic = 14 3, P 0 01 = 66) Fibrinolytic activity was 
present in all but one (T A ) of the oozing patients who showed a diop m 
factor V and may have been responsible for destruction of this clotting factor 

Prothrombin Conswn'ption —Three of the oozing patients (two of them 
women) showed less than 90 per cent consumption of piothrombin in one houi 
m samples obtained immediately piioi to oi early during surgery, altliougli 
they had adequate platelet counts It is possible that this abnoimality accounts 
foi the excessn c surgical bleeding seen in these patients 

•Fourteen patients are not included because determinations were made with the Par- 
fenljev method When the flhrinoR'en concentration is low this method gi\cs results con 
siderably below those obtained by the Cullen and Van Slyke method 



856 


ZUCKEB ET AL. 


J. Lab. Sc Clin. Med. 
December, 1957 


Shock, Transfusion Reactions, and Bextran Administration. —Shock and 
tissue hypoxia may cause derangements in the hemostatic mechanism either dur¬ 
ing operation or in the postoperative period. In this series there were 5 patients 
in frank shock. Only two of them oozed and had fibrinolytic activity. In 
the remaining 13 patients who exhibited oozing, significant hypotension during 
the operation or the postoperative period was not noted. 

Although hemolytic transfusion reactions have been implicated as a cause 
of excessive surgical bleeding,there is no evidence that any of our patients 
received incompatible blood. To eliminate subgroup incompatibility, direct 
cross-matching as well as indirect Coombs tests were done on all patients. 

Two of the oozing patients received dextran during surgery. Although this 
plasma volume expander has been found to induce a hemorrhagic syndrome 
when given in large amounts to normal individuals,^^ dextran was not respon¬ 
sible for the initiation of excessive bleeding in our patients, since oozing was 
present before dextran was given. 


Table III. Changes Shown by Nonoozing and Oozing Patients 




INADE- 


CHANGE IN SINGLE CATEGOKY 


NO CHANGK 

QUATE 

DATA 

LYSIS* 

PUOTHROM. 
FACTORSt 

PLATSt 

TOTAL 

Non oozing 

21 

7 

10 

20 

1 

31 

Oozing 

1 

1 

0 

3 

0 

3 


Changes in Multiple Categories 



1 

LYSIS 

FI- 

i BRIN.$ 

LYSIS 

PRO- 

THKOiX. 

1 FAC¬ 

TORS 

LYSIS 

FIBRIN, 

PROTHKOM, 

FACTORS 

LYSIS 

PROTHROir. 

CONS, II 
PROTHKOM. 
FACTORS 

PRO* 

THROM. 

FACTORS 

PRO- 

THROM. 

CONS. 

PLATS. 

PRO* 

THROM. 

FAC¬ 

TORS 

TOTAL 

Nonoozing 

0 

2 

1 

0 

0 

1 

4 

Oozing 

1 

4 

2 

1 

2 

0 

10 

♦Euglobulin lysis time less than 10 hours. 
tProthrombin, factor v or VII below 70 per 
^Platelet count under 100,000 c.mm. 

cent. 





§Less than lOO mg. per cent 
IILess than 90 per cent in one hour. 

Differences Between Oozing and Nonoozing Patients. —The results are 
summai’ized in Table III. The changes observed were classified in the folloiving 
categories: (1) euglobulin fibrinolytic activity with lysis in less than 10 hours; 
(2) prothi’ombin, factor V, or factor VII below 70 per cent of normal; (3) 
fibrinogen concentration less than 100 mg. per cent; (4) platelet count less than 
100,000/e.mm.; and (5) prothrombin consumption less than 90 per cent in one 
hour. The patients are divided into four groups: those showing no changes; 
those with incomplete data; those showing only one type of deficiency, that is, 
a change in only one category; and finally, patients showing multiple deficien¬ 
cies or changes in more than one category. Among the nonoozing patients with 
adequate data, 21 showed no change in any of the factors studied, 31 showed 
changes in only a single category, and only 4 showed multiple changes. In 
conti^t, only one of the oozing patients showed no change in any category, 4 
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showed a change in a single category only, and 9 sho'wed changes in nioie than 
one categoiy If the 3 oozing patients with pool prothrombin consumption 
arc omitted because this alone is piesiunably an adequate explanation of then 
bleeding, 3 oozing patients showed a change in a single categoiy only and 7 
sho^’^cd multiple changes 

Theie piovcd to bo signifie«int diflreiences betueen the distribution of oozers 
and nonoozeis m the 3 categories (no change, single change, and multiple 
changes) (Chi squaie = 18 86, P 0 01 = 9 21 ) The significance becomes 
even gieatei if the oozing patients with poor prothiombin consumption aie 
included Many nioie oozers are found in the multiple change category than 
one would expect if the distiibution were the same for oozeis and nonoozers 
When a comparison is made between patients who had multiple changes and 
those uho had changes in one category only, theie is also a significant difference 
(Chi square = 1143, P 0 01 «= 6 64 ) Those patients who had a change in 
more than one category showed a significantly greatci tendency to ooze 

DISCUSSION 

Although the occurience of fatal hemoriliage in obstetrics and surgery is 
lare, episodes of excessive bleeding duimg massive surgerj aie not uncommon 
In this series, oozing occuued m 15 of 78 patients Only 4 of the oozing pa 
tients received ovci 10 units of blood and in one of these tlie tiansfusions weie 
the result rathei than the cause of the exccssne bleeding Hence, massive 
tiaiisfusion was not a cause of oozmg in most of the patients 

Thrombocytopenia following massive blood icplacemcnt has been leported 
by Stefanini and associates'- and by Kievans and Jackson ® We have observed 
profound falls in the platelet count after less than 8 units of blood, and always 
aftci the administration of 10 or inoie units The percentage reduction in count 
in our patients is appioximately the same as in tlie patients studied by Krevans 
and Jackson^ Howevei, only two of oui patients had platelet counts below 
100,000/c mm after transfusion One explanation for the lack of thiombocy 
topcnia in oui cases is the high pietranstiision platelet count in many of oui 
patients Another is that Kievans and Jackson reported the lowest platelet 
count within 48 hours after tiansfusion, whereas we lepoit the count within 
a few houis The platelet count gcneially continues to fall for one or two days 
after blood icplacement Thrombocytopenia did not appeal to be a significant 
factor in the etiology of oozing in oui senes, although there was a tendency foi 
a gieater depression of the platelet count among the oozers 

Although '^citrate intoxication’^ has been discussed lepeatedly since the 
advent of the modem blood bank, theie has been little or no clinical study of 
the correlation between blood citrate levels and oozing In this senes, patients 
showed an oozing tendency with and without elevated blood citiatc levels Some 
patients with markedly elevated citiate levels did not ooze There was no 
evidence fiom our studies that elevated citrate concentiatioii affected blood 
clotting Presumably, the administiation of calcium salts and the mobilization 
of body calcium stoies adequately maintained ionized calcium 
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Our I’esults suggest that two criteria should be observed iu au attempt to 
assess the relationship between fibrinolytic activity and excessive surgical bleed¬ 
ing. Fii’st, samples should be dra'wn during the period of active bleeding, since 
fibrinolytic activity often disappears Avhen oozing ceases. Second, frequent 
samples should be obtained. Because of the rapid fluctuations in fibrinolytic 
activity, a single sample may give misleading results. 

The mechanisms which activate the fibrinolytic enzyme are not clearly un¬ 
derstood. Stress,-® shock,-® and hypoxia®® can activate fibrinolysin and may 
play a role in surgical cases.®® Shock was not severe in most of our oozing pa¬ 
tients. Hypoxia was considered to be the cause of fibrinolytic activity in two 
of the nonoozing patients in the fii’st series.®® Tissues, particularly the lung 
and uterus, are said to contain activators®® which may be released into the 
circulation during surgical trauma. Fibrinolysin may interfere with hemostasis 
by lysis of clots or it may destroy some of the circulating blood clotting fac¬ 
tors.®® 

Previous studies of surgical bleeding have consisted, for the most part, 
of ease reports of patients with very severe hemorrhagic syndromes. A strik¬ 
ing feature of some of these reports has been the failure of the patient’s blood 
to clot even when thrombin was added.®’ ®’ ®® This has been attributed to the 
absence of circulating fibrinogen. It should be remembered that incoagulable 
blood may result from rapid lysis of newly formed fibrin strands. In vitro lysis 
of fibrin occurs more rapidly than does destruction of the fibrinogen in blood 
prevented from clotting by citrate or oxalate, so tliat rapid whole clot lysis 
may occur when the fibrinogen concentration is only moderately low. For 
example, iu one sample in a severely oozing patient not included in this series, 
the clot had lysed completely in less than 20 minutes. If inadequately observed, 
this might have been mistaken for complete absence of clot formation and inter¬ 
preted as afibrinogenemia; yet, a simultaneous oxalated sample had a fibrinogen 
concentration of at least 175 mg. per cent. 

Fibrinogen concentrations below 100 mg. per cent were observed in only 3 
of the oozing patients, all of whom had fibrinolytic activity. In cases reported 
by others, hypofibrinogenemia in surgery or obstetrics was often associated with 
demonstrable fibrinolytic enzyme, but, iu some, fibrinolytic activity was not de¬ 
tected.®®’ ®® In the latter eases, intravascular coagulation has been implicated 
as a cause of hypofibrinogenemia.®®’ ®® The failure to detect activity could be 
ascribed to lack of sensitivity of the method employed,®® or to disappearance of 
activity at the time of sampling. 

Low fibrinogen concentration, rather than complete afibrinogenemia has 
been observed in most of the bleeding patients described by Coon and Hodgson,® 
Hodgkinson and associates,®® and Phillips, Rowley, and Habif.®® Although 
patients -svith congenital afibrinogenemia have fairly adequate hemostasis in 
the face of day-to-day trauma,®® PhilKps and associates®® observed operative 
bleeding in patients with concentrations of fibrinogen as high as 125 to 175 mg. 
per cent and suggest that a higher level of fibrinogen is needed for hemostasis 
during sui-gery. 
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Decieased concentrations of prothiombm, factor V, and factor VII were 
found during suigeiy in patients who did not ooze, as -well as in some wlio had 
excessive bleeding These factors maj have been destroyed by the fibrinolytic 
enzyme in some cases, but similar leduetions weie observed in patients in whom 
fibimolytic activity uas not detected Since these clotting factors are short 
hied,'''’ this fall nr concentration may represent utilization without adequate 
replacement The liver is necessary for noimal production of prothiombin and 
factors V and VII With partial hepatectoniy, factor V reaches its louest le\cl 
Mithin 12 hours after surgery, prothiombm and factor VII fall raoie slowlj, 
but arc generally already somenhat reduced by the end of surgery It is pos 
sible that the minor decreases in these factors obsei\ed in some patients under 
going operations other than hepatic lobectomy may be the result of a temporaly 
decrease in hepatic production 

We conclude that no single factor is responsible for excessive bleeding 
during suigei*} In fact, tlierc was a statistically significant relationship be 
tween the occurrence of excessive bleeding and the picsence of multiple changes 
in the factors studied Fibimolytic activity was the change most frequentlj 
associated ^^lth oozing, but fibrinolysis was sometimes present without obvious 
oozmg and was occasionally absent in oozers In most of the patients who oozed 
excessively, some change in addition to fibrinolysis was noted, usually a decrease 
in fibrinogen, prothiombin, factor V, or factor VII Although these clotting 
factors may have been destioycd by the fibrinolytic enzyme, similar decreases 
were observed in patients without detectable fibimolytic activity 

Multiple deficiencies wcie also found in two patients ivith seveio oozing, 
not included in the senes because of lack of control data Both whole blood 
and euglobulin fibrinolytic activity wcie very pronounced m these patients 
The fibrinogen level was low normal, but piothrombni, factor V, and factor VII, 
and platelet levels were below normal 

It IS difficult to assess therapeutic measures because both lysis and oozmg 
may cease without treatment We liavc used lyoplnlized fresh (antihemophilic) 
plasma largely because many of the samples tested had very high antifibrmolytic 
activity It also contains prothiombin, factor VII, and fibrinogen in appioxi 
mately normal concentiation, but there is a subnoimal concentration of factoi 
V Fresh whole blood collected m plastic bags is lecommended ulien tlirombo 
cytopema is present, and fibrinogen (fiaction I) should be given uhen severe 
hypofibrmogenemia occurs 

SUMM VBY 

Blood clotting factois and fibrinolysis were studied m 78 patients befoic, 
during, and after major surgery 

Fifteen patients oozed excessively duiing siugeiy Oozing could not be 
asciibed to massive blood replacement, and m none of the oozmg patients uas 
the platelet count below 100,000/e mm Plasma citiate concentration bore no 
iclationslnp to the occuirence of oozmg 

Fibimolytic activity of the euglobulin fraction uas found during or shortly 
after suigery in nine of the 15 oozing patients Active whole clot lysis was 
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observed in 6 cases. Fourteen of the 63 nonoozing patients had euglobulin 
fibrinolytic activity and 5 had whole clot lysis. Fibrinogen concentration fell 
below 100 mg. per cent in only 3 of the oozing patients, 2 of whom Avere under¬ 
going hepatic lobectomy. Decreases in prothrombin and factor VII concentra¬ 
tions during sui'gery occurred Avitli equal frequency among oozers and non- 
oozers, whereas decreases in factor V occurred more frequently in oozing pa¬ 
tients. Values below 50 per cent of normal were only observed in patients un¬ 
dergoing hepatic lobectomy. 

All but one of oozing patients showed a change in at least one of the 
factors measured. Three had poor prothrombin consumption before surgery, 
3 had prothrombin or factor V concentrations beloiv 70 per cent, and the re¬ 
maining 7 had fibrinolytic activity plus some other change. The correlation 
betAveen oozing and the occurrence of multiple changes Avas statistically signifi¬ 
cant. 


We wish to express our apprcciatiou to the following for their competent technical 
assistance: Jesse Trott, George Ajjan, Betsy Gellcr, and Norman Haber. 
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STUDIES IN IRON TRANSPORTATION AND ilETABOLISM 

X . Long-Term Iron 0\^rload in Dogs 

Elmer B. Brown, Jr., JLD.,*' Eeubenh. Dubach, Ph.D., David E. 
Smith, M.D.,** Cesar REYN.t\j-ARjE, M.D.,*** and Carl V. SIoore, jM.D. 

St. Louis, Mo. 

introduction 

H EJIOCHROMATOSIS, characterized by pigmentary cirrhosis, pancreatic 
fibrosis with diabetes, and extensive parenchymal organ infiltration with 
iron, has not been pi'oduced in experimental animals despite attempts by many 
investigators. In these unsuccessful efforts a wide variety of animal species, 
many forms of iron compounds, and multiple routes of administration liave been 
used. JIanj'' attempts to produce hemochromatosis experimentally may have 
failed because the amounts of iron given were too small or the subsequent period 
of observation too brief to allow the changes of this disease to occur. However, 
patients given multiple transfusions’’ - or prolonged excessive oral doses of medic¬ 
inal iron,^"® and Bantu natives’’’® ingesting large amoiuits of dietary iron do 
develop hemosiderosis and may show cirrhosis of the liver and rarely diabetes. 
That conditions other than idiopathic hemochromatosis are associated witli in¬ 
creased tissue iron stores and organ damage in liuman beings, makes more re¬ 
markable the failure to produce similar changes in animals. An examination of 
previous experimental attempts to produce hemochromatosis seems indicated in 
order to view the problem more clearly and to evaluate the results we shall 
present in this study. 

REVIEW OF LITER.1TURE 

Among the most complete studies to delineate the pathogenesis of hemochromatosis were 
those of Poison,11-13 who conducted both acute and long-term experiments on tlie fate of 
colloidal iron administered intravenously to rabbits. Using relatively small doses of iron 
(0.1 to 0.3 6m./Kg.) and observing the animals for only a year, he found the injected iron 
was deposited initially in largest amounts in the reticuloendothelial elements of liver, spleen, 
lymph nodes, and bone marrow. Small amounts of hemosiderin were present as emboli in 
pulmonary and glomerular capillaries and in scattered macrophages elsewhere in the body. 
Little iron was found in hepatic parenchymal cells until redistribution from Kupifer cells 
occurred 6 to 8 months after the beginning of injections. Though considerable aggrega¬ 
tion of iron granules occurred, there was little cellular reaction to its presence, and nothing 
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similar to the fibrosis and cirrliosis of hemocliromato^is was produced Tins same xnvesti 
gator injected colloidal iron in doses of 0 13 to 0 33 Gm /ICg subcutaneously and intrapen 
toncally into rabbits for periods as long as 4 jears with essentially the same histologic results 
Careful experiments similar to those of Polsou were reported in 1930 bj CappelU* 
who injected saccharated iron oxide in 550 mg/Kg doses into mice and rats which were 
thereafter obser\cd for periods as long as 14 months With minor exceptions, his results 
confirmed Poison's work and led him to conclude that “nothing analogous to the lesions of 
hemochromatosis in the human subject has been observed m the organs of animals subjected 
to excess iron over prolonged periods “ 

Anderssonis injected a preparation similar to saccharated iron oxide intravenously 
info rabbits and followed 4 animals for as long as one year Doses of iron m the range 
of 0 3 to 0 35 Gm /Kg produced no cirrhosis or other organ damage 

Extensive studies using intravenously administered saccharated iron oxide or sub 
cutaneous and mtraperitoncal injections of “ferric hydroxide ferrous ascorbate" in mice, 
rat^, rabbit*!, and guinea pigs weie performed b> Nissim *6 He achieved doses of iron as 
high as 2 10 Gm /Kg in mice and observed them until death occurred ‘ months ’ after the 
last mjection Guinea pigs were followed for approximately 3 months from the beginning 
of subcutaneous injections of “feme hydroxide ferrous ascorbate" in doses as high as 
1 Gm of iron per kilogram of bodj weight While tissue damage vvas produced as evidenced 
by hemorrhagic embolic phenomena m the lungs, patchy parenchymal damage in the liver, 
and adreual hemorrhages no cirrhosis of the liver or pancreatic fibrosis was observed 
This author empliasized that tho distribution of iron deposits achieved and the organ damage 
produced depended upon the type of preparation used 

In as jet unpublished observations on the long term toxicity of an iron dextran complex 
Golbcrgir reports no evidence of cirrhosis or organ damige from iron deposits resulting 
from doses as high as 1 05 Gm /Kg in rats or rabbits observed more than 40 w ceks 

Hemoglobin iron liberated from the animal s own red cells by heraoljtic agentsis a* 
or from nonviable transfused cells has been used by several investigators in attempts to 
produce hemochromatosis iii experimental animals Among the earliest of these studies 
were those of Rous and 01iver‘’5 who transfused rabbits with citratcd whole blood daily 
for periods up to oy. months Thej produced abundant hemosiderin pigmentation of 
reticuloendothelial cells but no cirrhosis their conclusion was “that hcmosidcnn, when 
enclosed m living cells, has no noteworthy stimulative effect on connective tissue " 

Since the excess iron in idiopathic hcmochron atosis and in cytosiderosis of Bantu 
natives must ultimately be derived from mcreased absorption from the gastrointestinal 
tract,® 10 26 27 many investigators have attempted to increase iron absorption in animals 
^Vhlle it has been repeatedly shown that some form of block to uncontrolled iron absorption 
exists in several animal species as well as m man, Hegsted and co workerszs demonstrated 
m rats, mice, guinea pigs, and chickens that if sufiScient iron is added to a normal diet all 
species will absorb large amounts of iron They also shovvedz® 30 that even greater amounts 
of iron will be absorbed if a corn grit diet low in phosphorus or high in certain ammo 
acids is fed Wlien one incriases the absorption of iron by these means, iron is deposited 
primanlj in the liver and spleen Its distribution m parenchymal as well as m reticulo 
endothelial cells is somewhat suggestive of that in hemochromatosis, but there is no asso 
ciatcd fibrosis or cirrhosis Wyatt and Howdl^i extended the corn grit dietary expenment 
of Hegste 1 and co workers and a 1 led other forms of tissue injury produced by castration or 
feeding of copper salts Excessive iron storage lu the liver was again produced, but no 
evidence of progressive parenchymal fibrosis vvas observed Likewise, Rather^o fed feme 
citrate alono or combined with a low protein diet to rats observed as long as 20 months 
lie found no fibrosis of the liver or pancreas despite large hepatic hemosiderin deposits 

Increased absorption of iron added to the diets of golden hamsters has been desenbeda^ 
when emulsifying agents are also added Siderosis of the liver is thereby produced, but 
no convincing evidence of cirrhosis or other changes of hemochromatosis have been described 
Eollowmg ligation of the pancreatic ducts in cats, fibrosis of the pancreas and siderosis 
of the liver, spleen, and other organs occurs as first described by Taylor, Stiven, and Reid33 
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ADJriNIS- 

Fe COMPOUND I 

OB’OBSERVA- j 


AUTHOR 

ANIMAL 1 

1 TRATION 

AND DOSE 1 

TIONS 1 

COMMENT 


PolsOllIl-13 

Babbit 

Intravenous 

Colloidal Iron 
(0.1-0.3 Gm./ 
Kg.) 

14 mo. 

Iron was confined initially to 
reticuloendothelial cells with 
eventual redistribution to 
hepatic parenchymal cells 
(after 6-8 mo.) without 
fibrosis or cirrhosis 


Rabbit 

Intramus¬ 

cular 

Intraperi- 

toneal 

Colloidal Iron 
(0.13-0.33 Gm./ 
Kg.) 

4yr. 

Essentially the same results as 
with intravenous administra¬ 
tion 

CappelU^ 

Mouse 

Rat 

Intravenous 

Saccharated Iron 
Oxide (0.55 
Gm./Kg.) 

14 mo. 

Confirmed Poison’s observa¬ 
tions 

Anderssoais 

Rabbit 

Intravenous 

Saccharated Iron 
0.xide (0.3-0.35 
Gm./Kg.) 

1 yr. 

Confirmed Poison’s observa¬ 
tions 

Nissim'8 

Mouse 

Intravenous 

Saccharated Iron 
Oxide (2.S-2.16 
Gm-ZEg.) 

5 mo. 



Rat 

Intravenous 

Saccharated Iron 
Oxide (0.6-1.0 
Gm-ZEg.) 

6-12 wk. 

Hemorrhagic embolic phenom¬ 
ena in the lungs, patchy pa 
renchymal damage in the 


Rabbit 

Intravenous 

Saccharated Iron 
Oxide (0.09-0.54 
Gm./Kg.) 

4-6 wk. 

liver, and adrenal hemor¬ 
rhages were produced. How¬ 
ever, no cirrhosis of the liver 


Guinea 

pig 

Intraperi- 
toneal 
and sub¬ 
cutaneous 

Ferric hydroxide 
Ferrous As¬ 
corbate (0.17-1.0 
Gm./Kg.) 

3 mo. 

or pancreatic fibrosis was 
seen 

Golbergi? 

Rat 

Rabbit 

Intramus¬ 

cular 

Iron Dextran 
(1.65 Gm./Kg.) 

10 nio. 

No evidence of cirrhosis or or¬ 
gan damage despite massive 
hemosiderosis 

Finchi2. <»3 

Dog 

Intravenous 

Iron Ascorbate 
Gelatin (1.44 to 
4.20 Gm.Pe) 

2yr. 

No cirrhosis or organ damage 


Dog 

Intravenous 

Red Blood Cells 
(1.76 Gm. Fe) 

15 mo. 

Iron was deposited mainly in 
the reticuloendothelial cells; 
the distribution was com¬ 
parable to that in dogs 
given iron ascorbate gelatin. 
No tissue damage 


Dog 

Intravenous 

Saccharated Iron 
Oxide (2 Gm./ 
Kg.) 

2 yr. 

Dogs developed hepatomegaly, 
persistent ascites, and ‘ ‘ other 
evidence of liver failure” 
but minimal fibrosis 

Ecus and 

01iver25 

Rabbit 

Intravenous 

Red Blood Cells 
(Approx. 1 Gm. 
Fe) 

3-6^ mo. 

Transfused citrated whole 
blood and produced abun¬ 
dant hemosiderin pigmenta¬ 
tion of reticuloendothelial 
cells but no cirrhosis 

Krumbhaar 

and 

Chamitm-*^ 

Dog 

Intravenous 

Red Blood Cells 
(2.5-5.0 Gm.Fe) 

6 mo. 

Transfused whole citrated 
blood (5-10 D.) and pro¬ 
duced hemosiderosis confined 
mainly to the reticuloendo¬ 
thelial cells without fibrosis 

Platzer and 
Youngs 

Dog 

Intravenous 

Red Blood Cells 
(0.14-0.22 Gm./ 
Kg.) 

3-11 mo. 

Produced hemosiderosis without 
fibrosis or other abnormali¬ 
ties 
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AUTHOR 1 

EXPEBI- j 
MENTAL 
AiJlMAL j 

ROUTE OF i 
ADMINIS ' 
TRATION 1 

Fe compound j 
AND dose j 

DURATION 1 
OP OBSER^ A 
TIONS 1 

COMMENT 

Hegsted 

etaL2* 

Kat 

Mouse 

Chicken 

Guinea 

pig 

Oral 

2 12% Fe citrate 
alone or with 
com gnts 

27 81 dajs 

When sufficient iron Mas added 
to a normal diet increased 
absorption occurred Even 
greater absorption occurred 
if com gnt diet low m phos 
phorus was fed 

Wjatt and 
HoireJ]3i 

Kat 

Oral 

2% Fc citrate 
plus corn gnt3 

oO 150 days 

Extended corn gnt diet expen 
ments of Hegsted and added 
tissue injury in the form of 
castration and feeding cop 
per salts Produced m 
creased hepatic iron storage 
Mithout fibrosis 

Kather2» 

Kat 

Oral 

6% Fe citrate 
alone or with 
a low protein 
diet 

20 mo 

Produced large amounts of 
hemosiderin in the liver 
without fibrosis of liver or 
pancreas 

Finclua 

Dog 

Oral 

2% Fc citrate 
plus com gnts 

2 6 mo 

Produced marked hepatic pa 
rencbymal hemosiderosis No 
cirrhosis of the hver, no pan 
crcatic or splenic fibrosis 

Wissler 

et al32 

Hamster 

Oral 


2 5 mo. 

Polyoxyethylene sorbitan mono 
lauratc (Tween 20) gl^en 
orally produced increased 
iron absorption but no 
changes of hemochromatosis 

Tailor 
ct al 23 

Cat 

Oral 


55 199 days 

Ligation of pancreatic ducts 
led to pancreatic fibrosis and 
increased iron absorption 
Hemosiderosis was accon 
tuated by dietary iron sup 
plements No hcmochromato 
SIS seen 

Oilman 
et al.3* 

Cat 

Oral 

- 

- 

Repeated and confirmed the ob 
servations of Taylor ct al 

Kinnej' 
ct al ■*2 

Dog 

Oral 

— 

2 5 mo 

Confirmed observations of Tay 
lor et al m dogs No cvi 
dcnce of cinhosis of the liver 
or hemochromatosis 

Kinney 

a al 3o 

Rat 

Mouse 

Oral 

2% Fc citrate 
plus DL 
etiiiomne 

28 days 

Ethioume produced damage to 
the pancreas, liver, and testes 
plus increased iron absorp 
tion When iron was added 
to the diet, lesions super¬ 
ficially like those of hemo 
chromatosis appeared 

Hall and 
MacKay36 

Rabbit 



21105 da}S 

Copper acetate given by mouth 
produced hepatic necrosis 
and eventual cirrhosis plus 
hemofuscin deposition with 
slight degrees of hemosidero 

Ifallory and 
Parkerar 

Kabbit 

- 

— 

5 mo. 

Simitar experiments to Hall 
and MacKay’s using sub 
cutaneous injections of cop 
per 

Hcrbut 

etal4i 

Rabbit 



14 102 days 

^Uloxan produced pancreatic 
and hepatic necrosis with 
eventual fibrosis plus slight 
hemosiderosis of liver and 
spleen 
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and confirmed by the Gillmans.3» The siderosis was further accentuated by feeding a diet 
liigh in iron. Except for the duct-ligated pancreas, no fibrosis accompanied the iron so 
deposited in the tissues. 

Ethionine administration produces damage to the pancreas, liver, and testes plus 
increased iron absorption. 'When iron is added to the diets of rats or mice so treated, 
siderosis of the liver and other organs plus the ethionine-induced damage produces lesions 
superficially like those of hemochromatosis.as Likewise, copper given by mouth36 oj gub- 
outaneouslysi to rabbits results in necrosis and eventual cirrhosis of the liver with slight 
degrees of siderosis. While disturbances in copper metabolism have been described in idiopathic 
hemochromatosis38-40 there is little evidence to suggest that copper plays an etiologic 
role in its production. Similarly, the toxic effects of alloxan in producing pancreatic and 
hepatic necrosis with eventual fibrosis and slight hemosiderin deposition have occasioned 
the use of this drug in unsuccessful attempts to produce hemochromatosis in rabbits.ii 

Moat of the above-mentioned tecimiques have also been applied in attempts to produce 
hemochromatosis in the dog. In a comprehensive study of iron storage, Pinch-is injected lAi 
to 4.2 Gm. of iron as iron-ascorbate gelatin intravenously into 4 dogs which were then ob¬ 
served for periods as long as 2 years. Despite increases of iron concentration in the liver 
to approximately 25 times normal, no cirrhosis or other organ damage was produced. Trans¬ 
fusions of nonviable red cells to a total of 1.76 Gm. of iron were given to another dog 
sacrificed after 15 months. The distribution of iron from hemoglobin breakdown was entirely 
comparable to that produced by the iron-ascorbate gelatin and no tissue damage was mentioned 
other than sears involving wedges of renal tubular cells. Five dogs were fed a corn-grit 
diet supplemented by 2 per cent ferric citrate for periods of from 60 to 175 days. As 
had been demonstrated in rats and mice on a similar diet, iron concentrations in the livers 
of these dogs increased on the average to approximately 25 times normal while in the 
spleens there was a tenfold increase. Distribution of iron tended to be greater in parenchymal 
cells here than in dogs given iron parenterally, though reticuloendothelial deposits were also 
great. Again, no evidence of cirrhosis of the liver or fibrosis of pancreas or spleen was found. 
In a subsequent paper Finch^a eites his experience with the intravenous injection of 2 Gm. 
of iron per kilogram of weight as saccharated iron oxide into normal dogs which were 
observed for two years. These animals developed hepatomegaly, persistent ascites, and 
"other evidence of liver failure,” but minimal fibrosis in proximity to siderotic nodules in 
the liver was the only change resembling the cirrhosis of idiopathic hemochromatosis. 

Transfusions of citrated whole blood totaling 5 to 10 L. were given to dogs over 
a 6-month period by Krumbhaar and Chanutin.-i^ When sacrificed, the animals showed 
marked congestion of all organs with hemosiderin pigmentation confined to macrophages 
in liver, spleen, lymph nodes, and other organs; there was no fibrosis. Likewise, Platzer 
and associates^ transfused two dogs to iron levels of 0.14 and 0.22 Gm./Kg. before sacrifice 
at 3 and 11 months. They reported that with the exception of the polygonal cells of the 
liver, all visible iron was stored in reticuloendothelial cells, and neither fibrosis nor other 
abnormalities were noted in any organ. Pancreatic duct ligation in dogs-*® resulted in moder¬ 
ate siderosis of liver and spleen after 5 months but did not produce cirrhosis or other changes 
of hemochromatosis. These observations are summarized in Tables la and Ib. 

The experimental attempts to produce hemochromatosis in animals sum¬ 
marized above clearly point up the relative ease with which iron can be intro¬ 
duced into the organism as well as the great difficulty of achieving parenchymal 
localization of the iron and of producing the fibrosis of liver, spleen, and pan¬ 
creas which are hallmarks of idiopathic hemochromatosis in human beings. In 
many instances the concentration of iron achieved seemed too small or the period 
of observation too brief to be sure that the lesions of this disease had time to 
appear. "With these objections in mind the following studies were undertaken. 

Normal dogs were given iron as saccharated iron oxide or as hemoglobin 
from transfused red blood cells in doses of 0.5 to 1.0 Gm./Kg. body weight. These 
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dogs weie then observed for peiiods as long as 7 yeais During the period of 
observation, mcasuiements of hepatic function ^vole peiformed togethei with 
evaluation of liematologie status and changes in non metabolism Repeated 
biopsies of livei, spleen, panel eas, and othci organs i\eie made foi comparison 
with the histologic findings at autopsy by these means the initial deposition, 
redistiibution, and cellulai leaction to non deposits i\eie studied Chemical 
estimates of the non content of vaiious tissues i\ere peifoimed to quantitate 
iron deposition Despite concentiations of non chosen to coriespond to those 
found in human hemoehroniatosis, no findings suggestive of this disease vveie de 
tectable even after 7 jears Our failure to produce hemochromatosis in dogs, 
plus the smiilai e\peiience of many investigators using othei animals, raises 
the question whetliei increased iron deposits by themselves eventually pioduce 
the changes of hemoehiomatosis or whether additional factois must be present 
This question is consideied in the following discussion, though no definite con 
elusions can be achieved with the information now available 

MATERIVLS \ND METTHODS 

Healthy, full grown, mongrel dogs weighing 5 9 to 17 5 kilograms were used Tho 
animals were housed in individual cages, and were fed commercial dog chow During an, 
initial period of observation the animals were given hcsylresorcinol as a vermifuge At 
intervals throughout tlie study the feces were tested for occult blood by Gregerson a ben 
zidme method4<! and whenever blood was found the vermifuge treatment was repeated 
Weights were obtained at frequent intervals 

Bed cell counts were made at weekly intervals at first, and less frequently during 
the later phases of the study Trenner red cell pipettes and counting chambers certified by 
the United States Bureau of Standards were used Initially hemoglobin was determined 
by the oxyhemoglobin method described by E\clyn<T md m the last year of studies by the 
cynnmethemoglobin technique's Packed red cell volumr was determined from arterial or 
venous blood Scrum iron was measured by a method previously described The iron bind 
ing capacity of serum was measured by the method of Rath and Fmchso or by that of 
Ventura 5i Bromsulphalcin retention as described by Gaebler^’’ and serum bilirubin by Wat 
son’s modification of EvelyTi and hlalloy’s luethod''^ were determined at 2 week intervals 
for 3 months and less frequently thereafter Fractional serum protein determinations were 
performed by Weichselbaum s method si Several specimens of serum were analyzed by 
paper electrophoretic methodsSj and scanned with a Spinco Vnalytrol Fasting blood sugar 
determinations were done by a modified Nelson lechniquese at approximately monthly intervals 
for 6 mouths, then less frequently Oral glucose tolerance tests as done by Faians and 
associatcsST were performed on 3 animals shortly before sacrifice Absorption of radioactive 
iron, was measured in 3 dogs 58 The utilization of intravenous traeei doses of radioactive 
iron was also studied so 

A single lot of saccliarated iron oxide* was injected intravenously into 4 dogs over 
a d to 10 week period In order to avoid perivenous infiltration of the iron solution the 
injection was begun with isotonic saline, which was allowed to flow into the saphenous vein 
from a small elevated reservoir \s soon as the salmo was flowing freely, the desired amount 
of Ferrivenin (5 to 15 ml containing 100 to 300 mg of iron) was added Tho last traces 
were washed into the vein by addition of saline to the reservoir Injections were given 5 
times a week until a level of 0 5 Gm or 1 0 Gm/Kg was reached 

Five dogs received transfusions of blood from compatible donors (determined by cross 
matching initially and after the third transfusion) At first the dogs were given washed 
red cells suspended m salmc to about half tlie original whole blood volume ,ikfter the sud 
lea death of 3 of the dogs whole Wool was substituted for washel rel cells because deith 

•ternvenin Lot No 103C9 Benger Laboratories Limited Holmes Chapel Cheshire Eng 
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was believed to have been due to a rapid increase in concentration of erythrocytes in the 
circulation as the saline diffused out. When whole blood transfusions were substituted, 
sodium citrate rather than A.C.D. solution was used as a preservative and the blood was 
stored for 7 days before transfusion. These measures allowed more rapid red cell break¬ 
down and thereby relieved the load on the recipient’s circulation. As a further precaution, 
transfusions of 200 ml. of whole blood were given 3 times a week rather than a transfusion 
of the washed cells from 800 ml. of blood once a week. 

Transfusions to the two surviving dogs were continued for 6 to 10 months until an 
iron concentration of 0.5 Gm. per kilogram of body weight was attained. This iron level and 
those achieved with saccharated iron oxide were chosen to correspond to the concentrations 
of iron in patients with idiopathic hemochromatosis. 

Laparotomies were performed under Nembutal anesthesia on 6 dogs before begi nni ng 
iron injections. Wedge biopsies were obtained of liver, spleen, pancreas, kidney, a mesenteric 
lymph node, muscle, and skin. Measurement of the iron concentration of the liver section 
and microscopic examination of all these tissues were made. Within a month after com¬ 
pletion of Ferrivenin injections a skin biopsy for iron analj’sis and histologic study was 
taken from the inner aspect of the thigh. Bone marrow samples were obtained by aspira¬ 
tion from the iliac crest or proximal femoral epiphysis. At approximately 6 months and 
again 3 years after the start of the experiment, laparotomies were performed and biopsies 
were taken of the organa previously mentioned. At death or sacrifice autopsies were per¬ 
formed as soon as feasible, usually within 3 hours of death.* Samples of tissue were ob¬ 
tained for histologic study and iron analysis from all the major organs at autopsy. All tissue 
samples were weighed within a short time of removal, the excess blood blotted off, and they 
were then wet-ashed with concentrated sulfuric acid. After digestion and dilution, the iron 
content w'as determined colorimetrically using the potassium thiocyanate (KSCN) method 
as described for serum iron determinations. Sections for histologic study were fixed in 10 
per cent neutral formalin and Zenker’s acetic solutions and stained with hematoxylin and 
eosin, and for iron with a modified Gomori stain,<>o counterstained with Mallory’s basic 
fusohin. Selected sections were stained w'ith Masson’s connective tissue stain, methylene 
blue, periodic acid-Schiff, acid-fast, and Sudan IV stains. 


RESULTS 


/Survival.—Of the 4 dogs which received saccharated iron oxide, ttvo dogs (6 
and 18) which had received 1.0 Gm. of ii’on per kilogram of weight were living 
and in good health at the time of sacrifice 81 and 84 montlis after the start of 
the experiment. One of the remaining animals that received Ferrivenin (17) 
died of intestinal obstruction due to biopsy-induced adhesions after 52 months, 
and the other dog (15) died in a laboratory accident 6 years after the onset 
of studies. 

Three of the dogs receiving red cell transfusions died within a month of 
starting transfusions. The two animals that completed their course of trans¬ 
fusions were followed for 6 and 7 years. Dog 10 died in the same laboratory 
accident as Dog 15. Dog 20 was sacrificed after 84 months of the experiment. 
The ages of the dogs at death are unknown. 

Reactions.—There was remarkably little reaction to single injections of 
large doses of saccharated iron oxide or to prolonged tissue iron accumulation. 
Weight was maintained or increased in all animals; appearance, vigor, and 
appetite remained good throughout the experiment. Only 3 immediate reaefions 
of vomiting or diarrhea were seen in more than 150 injections of Ferrivenin. In 


•Two dogs (10 and 15) died at night when a steam pipe burst in their quartos, 
were not autopsied until the next day when the accident was discovered. ConsideraDie post 
mortem autolysis occurred in the tissues of these animals, but the distribution, or i^r<m ana 
lack of fibrous reaction in the various tissues seemed in every way comparable to ine 
lns:s in the other dogrs. 
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one dog, accidental perivenous infiltration of the iron solution resulted in a 
2 cm clean, flat based ulcer on the leg ■which healed completely -within 10 days 
Fibiosis of the veins that oceuried in most dogs towaid the end of the course 
of in 3 ectioiis was believed to be due moic to the tiauma of multiple venepunc¬ 
tures than to any sclerosing action of the iron solution 

Transfusions of washed icd cells suspended in saline were poorly tolerated 
and led to the death of 3 dogs The e\aet cause of death is not known but 
premonitoij signs of vomiting and diaiihea oceuried shoitly after completion 
of tiansfusions Two of the dogs (13 and 19) ueie latei found dead in then 
cages, but in the thud animal (Dog 12) the events leading to death ivere ob 
served Despite normal tempeiature, pulse, and breath sounds, there "was pro 
giession to an involuntaiy running reflex, paralysis of the foielegs, and finally 
rhythmic convulsions Adienalin, oxygen administiation, and phlebotomy were 
ineffective in levcrsing the icaction Neither hemoglobinuria nor anuria was 
found, uicoaguldbility of the blood was not pieseiit, and blood samples cross 
matched with those of the donor dogs revealed no agglutination oi hemolysis 
Turthermoie, autopsy examination revealed only marked congestion of all organs 
uith no cause of death determined 

'When whole blood piescrved with 4 per cent sodium citrate was substituted 
for the ACD preserved, saline suspended, washed led cells no further unto 
ward icactions nero noted in 120 tiansfusions No evidence of gross hemolytic 
reactions was noted following any tiansfusion 

Unrelated to the non administration was the occuiience in Dog 17 of a 
severe upper lespiratory infection thought to be distempei The infection was 
tieated with pcniciUui and Aui corny cm with complete recoveiy within 5 days 
This animal, following its second laparotomy, had a complete wound dehiscence 
with herniation of the bowel and spleen Daily repair and vigorous antibiotic 
therapy resulted in piompt closure of the wound and complete healing, though 
the dog died several yeais later ot intestinal obstruction due to peritoneal ad 
hesions 

Hematologic Response —Analysis of the red cell count, hemoglobm, and 
packed cell volume deteiiniiiatioiis leveals no marked variations fiom normal 
111 the dogs gnen saccharated non oxide Dog 6 is representative of this group 
(Fig 1) In all cases there was a model ate rue in the red count accompanied 
by a less distinct use in lieinoglobm and hematocrit 2 to 3 weeks after the initial 
administration of Feirivenm A maiked fall of all blood values was noted in 
Dog 18 towaid the end of the non injections and similar but less marked pat 
terns were seen foi Dogs G and 15 In ail of these dogs complete restoration to 
normal was noted within 1 to 3 months after injections were completed Dog 
17 showed little fall in any of the blood values duimg the injection period, but 
two months later had a definite decrease in all parameteis with further accentu 
ation at the tune of an inteicurrent bout of distempei Witliin a month, recovery 
was complete Subsequent deteiminations revealed only moderate fluctuations 
of blood counts Since these dogs had normal blood values initially, there was 
no reason to expect any marked rise m red cell elements fiom iron administra 
tion On the other hand, the fall noted in some instances shows a \ariable 
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temporal relationship with the iron injections and it is impossible to determine 
%vith the data available tlie meelianism or causal relationship to iron administra¬ 
tion. 



A severe plethora was produced in all the transfused dogs. In the two dogs 
which received the greatest number of transfxisions red cell counts reached 
levels gi-eater than 15 nrillion. Hemoglobin values were correspondingly elevated 
to peak values exceeding 26 Gm. per cent. Packed cell volrimes were also ele¬ 
vated. These findings are shown graphically for Dog 10 m Fig. 2. 'Within a 
month following the last transfusion into Dog 10, the red cell count fell from 
13 million to 6.5 million red cells per cubic millimeter and there were corres¬ 
ponding decreases in cell volume and liemoglobin values. A similar, but less 
wen documented, fall to subnormal values occurred in Dog 20. There was no 
evidence of external blood loss; the anemia seemed most lilrely to be due to either 
a profound depression of the bone marrow secondary to prolonged transfusions, 
or an increased capacity for red cell breakdo^vn by the reticuloendothelial sys- 
tern, or to a combination of both factors. A similar phenomenon Avas reported 
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by Krumbhaar and Chanutin^^ tliougli tlxc 3 ’- noted its occurrence during the 
course of transfusions and found it to be unaffected hy splenectomy. 

Bone marrow aspirations wore done on the dogs given saceliarated iron 
oxide approximately one month after the course of injections. Except for slight 
hypocellularity of both myeloid ajid crj'throid elements in Dogs 15 and 18 and 
large granular aggregates of hemosiderin in all animals, no abnormalities were 


DOG 10 7 U 4 KG 



Pjg- 2 .—Effect ot iron overload from multiple transfusions on tlie blood counts, serum 
iron, body weight, and liver function of a dog observed G years. The amounts of blood 
transfused and the total iron content are shown at the bottom of the chart. 


noted. Enumeration of leukocytes, reticulocytes, and platelets was not done 
until after the completion of the period of intravenous ii'on injections. In¬ 
termittent eosinophilia as high as 20 per cent was observed in most animals and 
was thought to be related to intestinal parasitism. No other significant changes 
were obtained on. differential leukocyte counts. Reticulocyte and platelet 
counts taken at infrequent intervals were normal througliout the period of obser¬ 
vation. 

Scrum Iron Response .—'Within a week after injections of saceliarated iron 
oxide were begun serum iron values rose to between 400 and 1,000 /xg per cent 
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with approximately SO per cent saturation.^ A plateau Avas then maintained 
until the seventh week of injections when a further rise to peak values usually 
greater than 2,000 jxg per cent with 97 to 100 per cent saturation Avas seen. Ex¬ 
cept for Dog 18, discontinuation of intravenous iron injections resulted in a 
prompt fall in serum iron, though per cent saturation remained almost 100 per 
cent in all animals. Normal scrum iron and per cent saturation levels Avere 
reached about 6 months after injections Averc completed, and except for consist¬ 
ently subnormal values for both measurements at 33 months, erratic variations 
Avithin the normal range occurred thereafter. 

Of the tranfused animals. Dog 10 behaved more nearly like those injected 
Avith Perrivenin. The initial marked rise in serum iron and per cent saturation 
Avas related to the early massive amounts of blood this animal received. HoAvever, 
Avhen blood Avas given in smaller quantities at a sloAver rate, both transfused dogs 
had only moderate rises in serum iron though the iron binding capacity re¬ 
mained saturated for prolonged periods. Except for its last measured serum 
iron. Dog 10 maintained Ioav normal values from the eighth month omvard. 
Serum iron and per cent satui’ation reached a Ioav ebb in Dog 20 at 30 months 
and subsequently fluctuated Avithin the normal range until the final Ioav serum 
iron value at sacrifice. 

Acute changes in serum iron values Avere measured at intervals for 24 
hours after the intravenous injection of 100 mg. of Pei’rivenin into 3 dogs. 
Two of these animals had received iron injections for a month, though no iron 
had been given for tAvo daj's before measurement of acute serum iron changes; 
the third dog had received no previous iron injections. Prompt rise to extremely 
high serum iron levels (3,000 to 7,500 /ig per cent) Avith complete saturation of 
the transferrin occurred lAniformly at 30 minutes, foUoAved by a rapid fall at 
2 hours and a return to approximately base-line values after 24 hours. 

Certain aspects of the serum iron changes in these dogs are Avorthy of 
emphasis. First, there Avere no evidences of toxicity despite transient elevations 
of serum iron above 7,000 fig per cent and sustamed elevations greater than 2,000 
fig per cent. The upper limits of iron binding capacity in the dog are normally 
less than 500 fig per cent. Since even small amounts of unbound ionic iron pro¬ 
duce marked toxic reactions,®'’ ®- the extremely high levels observed Avithout 
incident suggest (1) circulation of undissociated saccharated iron oxide, (2) 
marked elevation of the beta-1 globulin binding capacity, or (3) binding by other 
serum proteins. There is no evidence bearing direetlj’^ on the latter tAvo possi¬ 
bilities but presence of unsaturated iron binding capacity Avhen serum iron levels 
Avere greater than 2,000 fig per cent strongly suggests circulation of undissociated 
saccharated iron oxide. Even more difficult to explain is the serum iron value 
of 1,032 fig per cent and 96 per cent saturation observed at 3 Aveeks in one of the 
transfused dogs (10). Unless contamination of the sample is postulated, one 
must assume circulation of ferritin or some hemoglobin breakdoAvn product, 

♦Per cent saturation is the quotient of serum iron and total iron binding capacity 
^—§1—J, The total iron binding capacity is defined here as the sum of serum iron and un¬ 
saturated iron binding capacity. See following discussion for possible explanations why the 
iron binding capacity is not saturated despite such high serum iron values. 
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Since the serum iron method does not measuic non piesent as hemoglobin The 
plateau in serum iron aftei the initial high values from non administration sug¬ 
gests the development of an inci eased clcaimg capacity that was later o\er 
whelmed by the excessive non load After injections veie discontinued, gradual 
clearance was achieved, overeompensation by clearing elements might have been 
present to account for the low normal values seen at C months Someuhat sur 
prising IS the almost invariable desaturation of tiansfeirin m the later peiiods of 
study despite the enormous tissue iron stoics Compared to the situation in 
human hemochromatosis or transfusion hcmosidciosis where complete saturation 
is the rule, the storage iron in the dogs’ tissues appeals to be bound more tightly 
and not in as free exchange with the seium iron compaitmcnt 

Hadioiron Studies —The absorption of oial doses of ladioactuc non was 
measuied in 3 dogs uith large tissue non stoics Dog 18 uas studied twice 
initially, 3 months after completion of its couise of Feinvenin injections, and 
again 6 years latci Similai nieasuienients weie made once on Dog 6 about Gi/o 
years after Feinvenin injections and on Dog 20 appioximatelv 5yj >eais aftci 
completion of the senes of tiansfusions These \allies aic tabulated (Table II) 


TABtE II Absorption of Oral Dose op l mo/Kq op Radioiron bv Dogs With Iron 

Overload 


DOGS* 1 

MONTHS AFTER 
LAST FO VDMIN , 
ISTRATION 

PtP CENT 01 ORAL 
DOSE IN BLOOD 

PER CENT OP OR VL 
DOSE IN FECES [ 

PER CENT 
RECOVEPy 

IS 

3 

17 

98 2 

99 9 


75 

07 

93 2 

93 9 

0 

79 

08 

101 1 

1019 

20 

77 

1 2 

97 4 

OSG 


•Doga 18 and 6 had received 1 Cm/Kg’ of Iron as Ferrlvenln Dog 20 had received 
0 5 Gm/Kg of Iron from multiple transfusions 


Values for the absoiptioii of compaiablc doses of orally administeied radioactive 
iron in noimal dogs vaiy fiom 0 8 to 8 8 pei cent (aveiage 5 8 per cent) It 
appeals fioin the figuies that in these dogs with massive tissue iron deposits 
there was a low late of iron absoiption, but iron that was absoibed vas quickly 
utilized for production of cuculatiiig hemoglobin 

Utilization for hemoglobin sjnthesis of intravenously administered radioac 
tive iron (2 4 to 7 4 mg ) was measuied in 3 dogs wliicli had completed courses 
of saccharated non oxide Dogs 15 and 18 showed ladioiron utilization values 
of 30 and 31 per cent, well within the noniial langc Dog 17, however, showed 
a greatly depressed iron utilization emve coi related most likely witli tlie coin 
cidental appearance of distempei Snnilai depression of iron utilization has 
been repotted in dogs and human beings duiiug febule illnesses If the 

curve for the dog with distempei is disregarded, the results of iron utilization 
studies oil the other two animals suggest that despite the increased amounts of 
tissue iron, utilization of additional small amounts of intiavenous iron was still 
Within normal limits 

Tests of Hepatic Function —Peiiodic evaluation of hepatic function was 
made by means of measurement of Bromsulphalein letention and serum bilirubin 
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levels To these tests seiuiu protein dcteimmatioiis were added 17 months aftei 
the start of iron adininistiation Papei electrophoretic analyses of serum pro 
teni patterns mcic also dcteimiiicd during the last 18 months of the experiment 

All dogs had normal Bionisulphaleni letcntion (less than 12 per cent at 30 
minutes)®'^ except Dog 17 ^\hlch liad 234 per cent retention befoie any iron had 
been given, and Dog 18 which slioucd an isolated elevation of 13 7 pei cent 5 
weeks aftei the start of non injections No pattern of even ininoi impairment 
of Bionisulphaleni cleaiaiiee could be disceiucd, nor were any diffeiences noted 
between the animals given Pcriivenin and those tiaiisfused Likewise measure 
ment of seium biliiubin failed to reveal abnormalities in any animal The in 
direct leacting fiaetion initially tended to be Iiighei in the transfused animals 
m whicli laige amounts of hemoglobin were being catabolized, but m no case 
wcie total biliiubin values greater than 0 5 mg/lOO ml observed The most 
striking clianges in serum proteins occurred m Dog 20 v\hich showed a gradual 
fall in total proteins, a maikcd terminal fall in albumin and a rise in globulins 
with leveisal of the albumin globulin ratio (Table III) Dog 18 liliewise showed 
a progressive fall in total proteins due primarily to a fall in albumin but with 
no reveisal of albumin globulin latio Dog 17 likewise showed a progiessive fall 
m total proteins in the tliiee determinations peiformed No conclusive patterns 
were discernible in tlie icraaining animals Analysis of paper electrophoictic 
separations of seium piotein components condimed the maikcd changes descubed 
above with the globulins mcieased mainly in the gamma fraction Less marked 
vaiiations fiom normal were seen in the patterns of the otlier dogs 

With the exception of the sei iim protein clianges, all dogs showed no evi 
denee of abnoimal hvei function wliethci thej leceived saccliarated iron oxide or 
transfusions The reversal of albumin globulin ratio demonstiated by Dog 20 
IS the only change suggestive of ciiiliosis, the protein changes in the other 
animals are nonspecific Whethei Dog 20’s deviation fiom normal is related 
to the multiple tiansfusions or to hepatic non storage cannot be answered 
unequivocally 

Tests of Glucose Tolerance —Abnoimal glucose tolerance associated with 
iron overload of the pancreas and/or tlie livei was evaluated by means of re 
peated fasting blood sugai deteiminations on all dogs and by oial glucose tol 
erance tests m 3 animals No elevation of fasting blood sugai was obtained on 
any dog throughout the experiment If any abnormality could be found, it 
was a mild hypoglycemic tendency Daeh animal showed blood sugar levels 
of less than 50 mg /lOO ml at some tmie during its course Patterns of blood 
sugai values weie similai m dogs injected with Pernveniii and those which 
weie tiaiisfused 

Approximately SO montlis aftei the stait of non admiiiistiation, oral glu¬ 
cose toleiaiice tests were done on Dogs 6, IS, and 20, the results aic shown 
giaplucally (Dig 3) Compaied with normal dogs (shaded area), these am 
mals showed no significant deviation except for Dog 20 In tius dog, the same 
one which showed albumin globuliu reveisal, there was a model ate but sus 
tamed elevation of blood sugar thioughout the 3^^ year period of study While 
this euive leveals diminished glucose tolerance, it is not diagnostic of diabetes 
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Thus, with one possible exception, prolonged iron overload from trans¬ 
fusions or injected saccharated iron oxide failed to produce any laboratory 
evidence of diabetes mellitus. 



Pig. 3.—Oral glucose tolerance curves of three dogs with iron overload. Dogs 6 and IS 
had received 1.0 Gm. per Kg. of iron as saccharated iron oxide, and Dog 20 had received 0.5 
Gm. per Kg. of iron from multiple transfusions. The dose of glucose was 3 Gm. per Kg. of a 
20 per cent solution. The normal range of glucose tolerance is shown in the shaded area. 

Miscellaneous Observations .—Electrocardiograms were taken on Dogs 6, 
and 18 both 8 and 79 months after the beginning of Ferrivenin injections, and 
a single tracing was taken on Dog 20 at 76 months after the start of trans¬ 
fusions. The tracings were interpreted as being within normal limits. 

The insidious development of blindness was observed in all animals be¬ 
ginning about 3 years after the start of iron administration and proceeding to 
complete loss of light perception. Ophthalmoscopic examination shortly before 
sacrifice revealed multiple small opacifications in the vitreous, perivascular 
sheathing of retinal vessels and degenerative changes of retinal nerve cell lay¬ 
ers most marked at the periphery. These changes suggested that iron accumvda- 
tion in the eye produced a retinopathy similar to siderosis bulbi and retinitis 
pigmentosa. 

Two pups were born to Dog 6 approximately two years after the mother 
had received the 1 Gm./Kg. dose of saccharated iron oxide. These pups ap¬ 
peared to be normal, healthy animals and grew satisfactorily. At the time of 
sacrifice at 34 days of age both pups showed a mild anemia, and the large 
male pup had a sei’um iron level below normal. Despite the massive tissue 
iron concentration in the mother, there was no increase in the iron concentra¬ 
tion of the pups’ tissues. Histologic sections of selected tissues disclosed no 
abnormalities. 
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Tissue Iron Determinations —Measurements of iron concentrations of tissues 
that could be readily biopsied were made on seveial occasions m order to quan 
titate the degree of non accumulation and delineate any redistribution of non 
that might occui At autopsy, non estimations of the biopsied organs and of 
additional tissues not accessible to biops> were made Estimates of the non 
content of the inajoi anatomical divisions of the body were calculated and by 
their summation an attempt was made to account foi the non administered 
parenterally 

All four dogs which received sacchaiated non o\ide undenient lapaiotomies 
befoie the start of non injections, and the non content ot livei biopsies nas 
determined Likewise non analyses of livci samples were performed initially on 
Dogs 12 and 13 which died early in the course of transfusions No pretians 
fusion Iner iron deteiminations weic made on Dogs 10 and 20 which ultimately 
survived the complete couise of transfusions However, in all dogs biopsied, 
the initial iron concentiation of the livei langed fiom 0 081 to 0 343 mg/Gm 
of wet tissue with an average of 0 205 mg/Gm These figuies agiee well with 
those given for noimal dogs b> Bogniard and Whipple 

Skin biopsies foi iron analysis weie obtained fiom the mnei aspect of 
the thighs of all dogs which received Feiiivenin one to four weeks after their 
course of injections had been completed These biopsies contained non in con 
centrations varying from 0 ICO to 038d mg/6m , the normal a\eiage is 0 025 
mg /Gm 

Laparotomies were again pcifoimcd 6 months aftci beginning iron iiijec 
tions on each of the 4 dogs which liad iccti\ed Fernvenin, and foi the first 
time on Dog 10 whicli liad just completed its couise of tiaiisfusions Tissue 
iron estimations weic made on biopsies of luer, spleen, pancieas, kidney, mus 
ele, skin, and mesenteue hmph node These \alues and tliose of latei biopsies 
are siiown m Table IV 

Three ycais aftei the start of transfusions oi Fenivcnin injections biopsies 
were repeated and samples ot liver and spleen wcie analyzed foi non as before 
No disceiiiible pattern was evident in the changes of non concentiation of hvci 
uul spleen specimens fiom these repeated post non biopsies One animal, Dog 
6, had consistently highei conccntiations of non in tlie livci than in the spleen, 
Dogs IS and 10 showed the opposite pattern repeatedly, and Dogs 15 and 17 
showed reversals of maximal non conccntiations in livei and spleen on succes 
sive determinations Despite the difference noted, it is clcai that non given 
to these dogs accumulated in high conccntiations in hotli spleen and liver 
reaching values as much as 50 to 75 times noimal 

The concentration of non in various tissues sampled at autopsy is given 
in Tabic V Notable is the remarkable uniformity of iron values obtained from 
heait, brain, pancreas, and stomach in all dogs with or without excessive iron 
stores, emphasizing the absence of accumulation of non in these organs The 
moderate variations in iron concentiation of lungs, adienals, and mesenteric 
nodes and. the marked fluctuations in livei, spleen, bone maiiow, and pen 
pancreatic lymph nodes undoubtedlj leflect true differences in iron deposition 
rather than sampling errors These figures emphasize the predominant local 
ization of iron m organs with large reticuloendothelial components 
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Table V IroN Conclntkation (Mg/Gm AVet Weight) of Tissues Odtvieed at Autopsy 
01 Norsili Dogs avo Dogs With Ir o\ Ovei load 


TISSLZS 

1 

DOG 6 1 

DOO 38 

! 

IOC so , 

1 

loolO 

1 

DOG 35 1 

1 

DOG 17 i 

NORM 

DOG 
( V\ LR 
VOE) 

Liver 

7 08 

4 JS 

4 26 

2 11 

2 94 

jOO 

0-0 

Spleen 

o23 

6 90 

14 40 

4 28 

3o8 

11 6 

0 24 

Pancreas 

0 05 

0 04 

OOo 

0 11 

0 07 

0 13 

0 06 

Ivnlnej 

0 23 

013 

014 

0 19 

0 15 

0 15 

0 08 

Heart 

0 04 

0 05 

0 06 

0 09 

0 0" 

0 07 

0 07 

Lungs 

0 22 

014 

0 20 

0 36 

0 36 

0 26 

0 25 

Stomach 

OOG 

0 04 

0 04 


_ 


0 04 

Mtsentenc node 

0 35 

016 

0 27 

0 36 

0 24 


0 06 

Penpancreatic node 

18 65 

118 

5 34 

_ 


3 36 


Vertebral marrow 

2 22 

8 53 

1 63 

0 66 

0 66 

1 "7 


Femoral marrow 

4 04 

2 46 

oos 



_ 

0 22 

Muscle 

0 04 

0 27 

OOo 

0 03 

0 03 

0 06 

0 04 

Abdomiinl skin 

0 03 

0 14 

0 03 

0 29 

0 09 

0 01 

0 03 

Brain. 

0 02 


0 01 

0 03 

oos 

0 07 

0 02 

Eye 

0 27 

0 02 

0 02 

0 02 

0 IS 


0 01 

Thyroid 

0 21 

0 05 

0 05 

_ 



0 06 

Adrenal 

0 30 

0 23 

013 

— 



0 07 


An attempt was made to estimate total eaicass non from the pioduct of 
the oigan concentrations and weight plus estimates of skin, muscle and bone 
maiioM iron increments To the carcass iron estimates iveio added the non 
loss fiom lepeated blood sampling, and m Dog 6 the non loss due to the birth 
of pups Tlie sum of tins accountable non was compared to the amounts of 
non gnen each dog As seen in Fig 4, 37 to 73 pei cent of the injected iron 
could bo accounted for by such a calculation Tliough gicatest leeoieiy was 
found in the two dogs receiving the largest concentiations of non as reriiveniii, 
recoveiy of non seemed independent of length of suivival or tjpo ot non gneii 
Some of the reasons foi failuio of complete lecovoiy of administcicd iron 
can be enumerated (1) Theic may be considerable ciror in estimating the 
non content of muscle, skin lymph nodes and bone marrou since these oigans 
cannot be easily weighed (2) Sampling errois despite duplicate measuie 
ments, in tissues with high non content such as livei, spleen, and bone mairow 
are magnified in total organ iron estimates (3) An uiiKnoiin, but possible ap 
pieciable loss of non may have occurred via the gastrointestinal tiact due to 
blood loss from intestinal parasites Despite fiequent tests for occult blood 
m the feces and lepeated use of veimifuges, paiasites were Inioiin to be pies 
ent and were found at autopsy in two dogs Loss of as little as 1 ml of blood 
daily by this means would account for as much as 1 25 Gm of iron duiing a 
7 year period (4) Loss of saccliaratcd iron ovide m the urine during the 
period of tremendously elevated plasma non levels might further account foi 
considerable non loss Measurement of ladionon excietion acutely aftei iiitia 
venous inacction of 100 mg doses of Fe'"’fagged Feiiivcnm revealed approM 
mately 1 pel cent excretion in a normal dog and about 5 pel cent excretion in 
a dog with massive non oveiload If one assumes an iiiteimediate figuie of 2 
per cent for these animals an additional 100 to 200 mg of iron might have been 
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Fig. 5.—Shifts in body iron observed in 6 dogs with iron overload, est^ated J?® 

iron found in successive biopsy specimens and m the tissues at autopsy. The time ot wie 
biopsy or the autopsy is given at the bottom of each column. In each case, the coiumix 
farthest to the right represents the autopsy datOs 
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lost by this loute (5) Finally, mcieased excretion of iron through normal 
channels bj these dogs ^\ith massive non stoics may have occurred Such a 
phenomenon has been lepoited in iron heavy mice by Finch and associates®® 
Smce ladioiron excretion studies weie not performed on these animals, no 
ansiier can be given to this question Howevei, to account for the iron deficits 
noted by assuming mcieased excretion alone, one ^\ouId have to postulate daily 
iron excietion of 0 5 to 2 6 mg Excietioii values coiicsponding to the lower 
figuie have been lepoited for dogs with phenjIhjdrazine induced hemolytic 
anemia, ° but a level of non excretion high enough to explain the discrepancy 
between the iron administered and the non lecovered seems improbable 

Fuitheimoie, if a constant increased late of iron excietion occurred it 
should be iiossible to detect it by compaiing estimations of the total carcass 
iron at the time of the 6 and 36 month biopsies with that at autopsy In order 
to make this compaiison, ceitain assumptions aie necessary, namelj, (1) the 
i\eights of vaiious oigans remained constant throughout the expeiunent and 
weie the same as at autopsy, (2) the non content of oigans othei than liver 
and spleen lemained the same as found at autopsy and (3) correction was 
made for non \\ithdrawu by blood sampling at the vaiious times Then the 
iron content of livci and spleen was calculated fiom the weights of these oigans 
multiplied bj their iron concentrations at biojisy oi autopsy To these figuies 
were added the iron content of other tissues and the increment due to blood 
sampling, and this total uas compared to the amount of non given during the 
course of the experiment The results of such an analysis are presented in Fig 
5 In Dogs 18, 15, 10, and 20 a progiessne decline in livei iron was obser\ed 
paralleled by a fall in estimated total carcass iron lecovoo Iron content of 
the spleen decreased progressively in Dogs 18 and 10, increased in Dogs 17 
and 20, and oscillated in Dogs 6 and 15 By tliese admittedly crude calcula¬ 
tions, total body non estimated fiom biopsy values exceeded the amounts given 
bj 20 per cent on two occasions Thus, while recoveiy of iron at autopsy in all 
but one dog v\as lower than the estimated recoveiy earlier in the experiment, 
the evidence for a constant increased excretory loss is meager 

Histologic Ohseiiations —Throughout the course of the stud>, an eifoit 
was made to evaluate the sites of deposition of non given paienterally and to 
delineate the histologic pattern of leactiou to the increased tissue iron by re 
peated biopsies of accessible tissues and by extensive sampling at autopsj 

Control })iops\es The initial histologic sections of the clogs* tissues obtained at laparot 
omy before administration of iron reitaled no abnoimabties m the liver, spleen, pancreas, 
mesenteric Ijniph node, skeletal muscle, and skin In none of the dogs was there any evi 
dence of fibrosis or cirrhosis either by heniatoxylm and eosin or connective tissue stains Iron 
stains of these various tissue sections revealed a small amount of iron in the macrophages 
of the spleen and liver and rarely in the macrophages about the central sinusoids of the 
niesLuteric Ij-nqili nodes No evidence of hemofusem was found m an) section 

Post iron hwpsics ApproNiraatelj one month after completion of Ferrivemn injection*!, 
skm biopsies were obtained on each of the 4 dogs Iron deposition confined to the upper 
lajcrs of the dermis, cspeciallj around the hair follicles, was the only noteworthy finding 



Fig:. 6 



Fiff 7 Fig 8 

Fig 6—Luer of Dog 10 one month after completion of transfusions There are large 
aggregates of granules that react positively for iron (black in photograph) m clumps of 
macrophages in the sinusoids and finer deposits along the sinusoidal endothelium and 
the hepatic cells There is no fibrosis or hemofuscin Gomori s stain (Magnification X595 ) 
Fig 7 —Kidney of Dog 6 four months after 1 0 Gm per Kg of Fernvemn Iron positive 
granules are present in endothelial cells of capillaries and in macrophages caught in the 
glomerular tuft. Gomori’s stain (Magnification X595 ) 

Fig S —^Kidney of Dog 10 one month after transfusions Iron positive granules are 
present in tubular epithelium but not m the glomeruli Gomorrs stain. (Magnification x59o ) 



Volume so IRON 11? VNSPOKT VTION AND MET ^BOLISM X fiRR 

Number 0 

A second lapirotomj xsas done 4 months after Ftrri\euin injections A\ere completed 
(Dogs 0, 18, 15, 17) and addifjoml biopsj specimens for histologic examination were ob 
tamed In Dog 10 i 1 iparotonij with biopsx of the aforementioned organs was performed 
approximate!} one month after coinplcttoii of tiaiisfu'-ious Excejit for the sections of 
the hidnej, the histologic appcarinec of tlic xai ous organs was identical for the xarious 
dogs and was independent of the dose of iron whether administered as Fcrriienm or trans 
fused blood Sections stained with hematoxylin (II) and cosui (E) revealed marl ed pigmenta 
tion of the Iner, spleen, and mesenteric Ijniph nodes, considerably less pigment in pancreas, 
kidney, and skin, and practicall} no pigment m the skeletal muscle There was no e\idence of 
increased fibrous ti-ssue m the li\cr, pancrca**, or other organs when stained with either H 
ind E or Masson’s Stull's j.iid there wtio absoluttlj no cirrhotic tlnn^es lion stains of 
the lucr reiealcd hemosiderm to be deposited in coarse gianules aggregated into clumps with 
focal distention of sinusoids and deposits in the porUl triads In addition to these larger 
deposits there was a diffuse, fine granular deposition of iron m the hepatic parcnchjmal 
cells distributed uniformly throughout the lobule and iii individual Eupffer cells (Fig 6) 
Smaller amounts of non were sittn in the endothelium of the blood vessels, but no iron was 
found 111 the bile ducts In tlie spleen, the non was found in largest quantitns m the 
macrophages of the sinusoids md to i Ksser extent in the capsule, trabeculae, an 1 beneath 
the endothelium of the blood \cs«cl'« No iron was seen m Malpighian corpuscles Iron m 
the kidnojs of the dogs guen rernvtniu (Fig 7) w is confined to a moderate amount in 
the glomerular capillarj tufts with only a famt blue shade and rare, fine granules in the 
renal tubules In contrast, the transfused dog showed small amounts of iron as fine blue 
gianules lu the proximal coiiiolutod tubuUs with practicalh no iron seen m the glomeruli (Fig 
S) Tlio pancreas lu botfi gioups levelled onI> small amount'^ of iron confined to macrophages 
and the endothelial lajeis of tlio blool vessels Thero was no iron deposition in the acinous 
or islet epithelial ci 11s, and no evidence of other pigment suggestive of hcmofu«ciu Mesenteric 
Ijmph nodvs sliowcd large quantities of non in the macrophages of the central sinusoids 
with a k s maikcd pigment ition of the pcriplieril macrophages Iron in the skin was con 
fined to macrophages in the dtimis especially those iiound hair follicles, and was increased 
in amount compared to th it seen in the skin biopsy sections taken 3 months previously 
Tlierc was no iron or other pigmentation of the epidermis The only iron seen in skeletal 
muscle sections w is i faint blue cavt to tiu cipilUrj endothelium m one dog Iso hemo 
fusem was seen in any of the «eetions 

Laparotomies, with biopsies of abdominal organs previously described, were per 
formed on all 6 dogs approximate!} 3 }cars aftei completing iron administration His 
tologic appearance of t!ie tissues was identical to tint seen at autopsy and a sing,le desenx) 
tion will sulhcc 

Aulopucs Gio cximiiiition uvealed no tree fluil m the plcunl, pericardial, or 
peritoneal cavities of any of the dogs Fibrous adh aions of the peritoneum were seen m 
most dogs at sites of old anterior abdominal incisions and organ biopsies A distinct, rust 
brown color was noted in tlie l)mph nodes pancrcis spleen, and kidney, tlie liver was a 
dark mahogan} brown In the two do^s with postmortem autoI}Sis, a dilfuse, shiny, black 
pigmentation, piesumably due to iron sulfide, was present m all abdominal organs and 
with greatest intensity in the inbstines In two dogs Ascins infestation was demonstrated 
in the upper portion of tlic smill intestine V single laminated gallstone was found m the 
gall bladder of Dog 0 Ao abnoimiJitics of heart, lung*!, great vessels, brain, or other 
organs were apparent grossl} 

Microscopic appearance of the tissues of all (lo,,s is described in composite fashion 
except 111 those cases wlierc distinctive changes were pre«cut The basic architecture of 
the liver was normal (Fig 0) with no evidence of cirrhosis or even increased fibrous tissue 
in any animal The iron was present prmcipallv m large compact clumps of heavily laden 
macrophages (sidcrophages) which were present at random sites in the sinusoids and in largo 
masses in the portal triads Individual Kupfter cells also contained moderate amounts of 
iron There was only the famtest hint of fine hemosiderin granules in the liver parenchymal 




